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SUMMARY 
The induction of mutation has been accepted as a useful tool in the plant 
breeding programme. The success in plant improvement programmes, however, 
depends basically on controlling and directing the induced mutation process for the 
production of desired mutation. One of the chief advantage of mutation breeding is the 
ability to improve a feature in a variety without altering the otherwise desirable makeup 
of agronomic characters. Another advantage of mutation breeding is the creation of 
variability which enhances the scope for selection. 
In the present investigation, mutagenic effect of methyl methane sulphonate 
(MMS), ethyl methane sulphonate (EMS), Gamma rays (y- rays) and their combination 
treatments viz., MMS + EMS and EMS + y-rays were carried out on two cultivars of 
Trigonella foenum-graecum namely Paaras-9018 and Krishna-9001. The effectiveness 
and efficiency of the mutagens on inducing qualitative and quantitative mutations were 
estimated. 
The main objective was to explore the potential of induced mutagenesis to 
generate genetic variability for quantitative characters and increase the yield potential 
of the crop by isolating promising lines. Various other aspects of this study were 
(1) Biological damage in Mi generation (2) Spectrum and frequency of chlorophyll and 
viable macromutations (3) Effectiveness and efficiency of the mutagens (4) Estimation 
of genotypic coefficient of variation (GCV), heritability (broad sense) and genetic 
advance (percent of mean) and (5) Evaluation of protein content in the selected 
treatments of M3 generation. The significant findings are summarized below: 
6.1: Sensitivity studies 
(a) The sensitivity parameters viz., seed germination and plant survival were 
influenced by the mutagenic treatments. The extent and nature of injury in Mi 
varied with the varieties, mutagens and their doses. 
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(b) The variety Paaras-9018 in general, was highly sensitive as compared to variety 
Krishna-9001. 
(c) Among the mutagens, combination treatments of EMS and gamma rays were 
more effective in causing lethality followed by gamma rays, MMS + EMS, EMS and 
MMS. The injury was in proportion to the mutagenic dose/ concentration. 
(d) The mutagens induced cytological abnormalities in both the varieties. The chiasma 
frequency showed more reduction in EMS + gamma rays. The order of potentiality 
of mutagens to cause reduction in chiasma frequency was; y-rays + EMS > y-rays> 
MMS + EMS> EMS > MMS. 
(e) Several meiotic anomalies like univalents, multivalents, laggards, bridges, unequal 
distribution of chromosomes, precocious separation and pollen sterility were 
observed in treated populations. 
(f) Chromosomal aberrations and pollen sterility were dose dependent and increased 
linearly with dose/ concentration of the mutagens. 
(g) The frequency of chromosomal abnormalities was more at metaphase as 
compared to anaphase and telophase stages. In M2 generation, same 
chromosomal abnormalities were observed but their frequencies were lesser than 
Mi. 
(h) The mutagens influenced plant height, number of branches per plant, pods per 
plant, pod length, seeds per pod, 1000-seed weight and yield per plant. 
(i) In general, lower and intermediate treatments showed stimulatory effects whereas 
higher treatments were effective in reducing the quantitative characters, 
(j) Variability was high among the treated populations as compared to the control. 
However, combination treatments of EMS and gamma rays induced maximum 
variability'as compared to other treatments. 
6.2: Quantitative mutations 
(a) A wide range of chlorophyll mutations was isolated in M2 generation. Dose 
dependent increase was observed in individual and combined treatments of 
95 
chemical mutagens however, in gamma rays alone and in combination with EMS, a 
slight decrease was observed at higher treatments. 
(b) Highest frequency of chlorophyll mutations was observed in combination 
treatments of EMS and MMS in both the varieties. 
(c) Among the mutants, the frequency of xantha mutants in var. Paaras-9018 and 
chlorina mutants in var. Krishna-9001 was highest as compared to other 
chlorophyll mutants. 
(d) The mutagenic effectiveness, as compared on the basis of frequency of chlorophyll 
mutations divided by dose of the mutagen showed dose dependent increase in 
individual treatments of EMS and MMS, whereas, in y -rays and combination 
treatments, it was generally higher at lower treatments and decreased 
progressively towards higher treatments. Among the mutagens, MMS proved to 
be the most effective in both the varieties. 
(e) Mutagenic efficiency calculated on the basis of both percentage pollen 
sterility (Mf IS) and lethality (Mf /L) showed a gradual increase in efficiency with 
increasing concentrations of individual and combined treatments of chemical 
mutagens whereas it decreased at higher treatments of gamma rays alone and in 
combination with EMS. 
(f) Combination treatments of MMS and EMS proved to be most efficient as compared 
to other treatments in both the varieties. 
(g) Maximum frequency of morphological mutants exhibiting altered morphological 
features were isolated in combination treatments of EMS and gamma rays in 
both the varieties. 
(h) Most striking mutants were tall, dwarf, broad leaf, double flower, bushy and bold 
seeded mutants. The range of such mutants was highest in intermediate 
dose/concentrations of MMS, EMS, gamma rays and lower dose combination 
treatment. The morphological mutants with agronomically desirable features could 
be utilized for further improvementof this crop. 
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(i) The interaction coefficient (k) of combination treatments for various biological 
parameters, chlorophyll mutation frequency and chromosomal abnormalities 
showed less than additive effect. However, synergistic or more than additive 
effects were also obtained in some combinations. 
6.3: Induced polygenic variation 
(a) The mean values of different quantitative traits showed positive and negative shifts 
in M2 generation, however, positive shift was more pronounced in M3 generation 
especially for yield and yield contributing traits. 
(b) Lower and intermediate treatments showed stim.ulatory effects whereas, higher 
treatments reduced the mean values. 
(c) The mean numbers of branches per plant, number of pods per plant, seeds per 
pod, 1000-seed weight and total plant yield increased in all the treatments 
with some exceptions in M3 generation. 
(d) Increase in branches per plant, pods per plant and 1000-seed weight were 
responsible for increasing the plant yield in both the varieties. 
(e) The increase in mean values was accompanied with an increase in genetic 
parameters. 
(f) The genotypic coefficient of variation, heritability and genetic advance increased in 
treated populations as compared to control in M2 generation. All these genetic 
parameters increased further in Ms for yield and yield contributing traits. This 
indicates that these characters can be transmitted to future generation and will be 
of much importance in cultivation of Trigonella species. 
(g) Phenotypic correlation between various characters of the mutants isolated in M3 
generation showed a positive relationship among number of branches per plant, 
number of pods per plant and yield per plant. 
(h) The protein content increased in all the selected treatments in M3 generation 
except 0.2 % and 40 kR in var. Paaras-9018 and 0.2%, 30 kR and 30 kR + 0.2% 
EMS in var. Krishna-9001. 
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s 6.4: Performance of macromutants 
(a) Tall: The mutant Paaras-9018 B was tall mutant. Its plant height at maturity was 
47.35 cm as compared to 41.83 cm in control. The productivity of this mutant was 
better than that of the control. 
(b) Bushy: The Paaras-9018 A was bushy mutant. Mean number of branches per plant 
in Paaras-9018 A was 6.45 as compared to 4.95 in control. 
(c) Broad leaved: The mutant Paaras-9018 C was characterized by broader leaves 
and increased pod size with bold seeds. Pod size and 1000-seed weight in this 
mutant were 8.05 cm and 8.26 g as compared to 7.20 cm and 6.70 g in control. 
(d) Bold seeded: Seeds of mutant Krishna-9001 B was considerably larger than those 
of the control. 1000-seed weight of this mutant was 8.59 g as compared to 6.59 g 
In control. 
(e) Increased pod size : The pod size of mutant Krishna - 9001 D was 8.19 cm 
as compared to 7.88 cm in control. 
(f) High yielding/Double flowered: The mutant Krishna-9001 A was double flowered 
and produced almost twice the number of pods per plant as compared to control. 
The average pod number per plant in it was 19.85 as compared to12.99 in control 
and total yield per plant was 2.54 g as compared to 1.44 g in control. 
The results of the present investigation clearly demonstrated that: 
(a) The intermediate dose treatments of MMS, EMS and gamma rays and lower dose 
combination treatments induced greater variability and also increased the yield 
and yield components as compared to other treatments in both the varieties. 
(b) Increase in mean values coupled with increased variability from M2 to M3 
generation especially for yield contributing traits provide greater chances of 
selection for more promising lines with high yield and high heritability in both the 
varieties of Trigonella foenum-graecum L. 
(c) Increase in branches per plant, pods per plant, 1000-seed weight and yield per 
plant was noticed among the isolated mutant lines in the M3 generation. 
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(d) Induced mutations are quantitative in nature, cause heritable changes in polygenic 
system and the direction of mutation depends upon the dose applied and the 
genotype of the character lil<e plant height, branches per plant, pods per plant, pod 
length and seeds per pod. 
The induced cytomorphological variabilities in the present investigation provide 
greater chance of selection for different desirable characters and the mutants isolated in 
the present programme of investigation will help in the improvement and cultivation of 
Trigonella foenum-graecum L. 
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Jntroditctton 
INTRODUCTION 
The art of recognizing desirable traits and incorporating them into future 
generations is very important in plant breeding. A few of these traits occasionally arise 
spontaneously through a process called mutation, which is a sudden inheritable change 
in the genetic material of an organism, but the natural rate of mutation is very slow and 
unreliable to produce all the desirable plant traits. 
Mutagenesis is the most important method of inducing alterations by mutagens in 
a genotype to enlarge the variability of quantitative characters in shortest possible time 
and provide good scope for selection. The idea of inducing mutations artificially and their 
subsequent utilization in the crop improvement was put forward as early as1901 by 
Hugo de Vries. The discovery of mutagenic role of ionizing radiations (Muller, 1927 ) 
and chemicals (Auerbach and Robson, 1942) initiated a flurry of activities in the field of 
mutagenesis. Scientists working on different facets of mutagenesis, since then, have 
been able to accomplish a significant breakthrough in basic understanding of 
mutagenesis and also its applied value for the benefit of mankind. The creation and 
management of genetic variability becomes the main source of breeding work. Thus 
failing conventional breeding method which depend entirely on the naturally occurring 
mechanism of genetic recombination. 
Brock (1970) considered that induced mutations are an alternative to naturally 
occurring variations, as the source of germplasm for plant improvement programmes 
and as an alternative to hybridization and recombination in plant breeding. 
Induced mutation is the best method to evolve new cultivars by producing 
genetic variability at gene level. It is an effective tool in hands of plant breeders 
especially in crops having narrow genetic base. Many mutants have been identified as 
donors of desirable traits in breeding programmes. 
Induced mutation breeding involves exposing crop plants to ionizing radiations 
or chemicals to induce random genetic mutations . These treatments produce new 
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traits in the plants that is agronomicaily useful, such as altered height, more seeds or 
larger fruits. Many physical and chemical mutagens have been used for induction of 
useful mutants in a number of crops. Physical mutagens include all types of radiations 
e.g. x-rays, gamma rays, fast neutrons, uv-rays and beta radiations. In addition to 
physical mutagens, a large number of chemical mutagens are also used for induction of 
mutations. Most of these belong to the special class of alkylating agents such as ethyl 
methane sulphonate (EMS), methyl methane sulphonate (MMS). Alkylating agents react 
with DNA by alkylating the phosphate group as well as purine and pyrimidine bases. 
Besides alkylating agents, acridine dyes, base analogues, azides etc. are used for 
induction of mutation Apart from easy handling and better efficiency, chemical 
mutagens have greater specificity than radiations (Auerbach ,1967 ). 
As a result of progress in understanding the role of induced mutations, a 
number of economically useful mutant varieties (about 2200) have been produced, as a 
result of mutagenesis programme in different countries of the world (IAEA /FAO,2000). 
In India, 43 varieties of cereal crop, 38 of grain legumes, 23 of oil seeds, 13 of fibre crop 
and 10 of millets have been developed by mutagenesis (Kharakwal,1996). The 
polygenic traits viz., grain yield, early matuarity, plant type, quality character, grain 
quality, abiotic stress and biotic resistance have been improved by mutagenesis 
(Sarkar and Sharma, 1987- Kharakwal, 1996 ). Mutant varieties have been developed 
in cereals, oilseeds, pulses, millets, vegetables, fruit trees etc. These findings 
supplement that mutagenesis is a potential tool to be employed in the crop 
improvement for developing new plant types with superior genomes and 
biochemical composition, having better adaptation potentiality. 
Trigonella is a latinized diminutive of Greek trigonon " triangle", composed of 
tries " three " and gony "Knee.angle", it refers to the triangular shape of the flowers. 
The Latin species name foenum-graecum means "Greek hay", referring to both the 
intensive hay fragrance of dried fenugreek herb and its Eastern Mediterranean origin. 
The systematic position of Trigonella foenum-graecum L. under Bentham and 
Hooker's system of classification is as follows; 
Division Phanerogams 
Class Dicotyledons 
Subclass Polypetalae 
Series Calyciflore 
Order Resales 
Family Leguminosae 
Subfamily Papilionatae ( Fabaceae ) 
Genus Trigonella 
Species foenum-graecum 
1.1: Description 
Trigonella foenum - graecum commonly known as ' fenugreek ' is an important 
self-pollinated crop of short duration. It has long stalked leaves up to 5 cm long, stipules 
triangular, lanceolate, leaflets about 2.5 cms long , obovate to oblanceolate, flowers 
1-2, axillary, sessile, recemed, whitish or lemon yellow, pod 5-7 cms long with a 
persistent beak , with 10-20 seeds. 
Although originally from South Eastern Europe and Western Asia, fenugreek 
grows today in many parts of the world including India, Northern Africa, and the United 
States. The plant contains a number of steroidal sapogenins especially diosgenin found 
in oil embryo which account for many of the beneficial effects of fenugreek, particularly 
the inhibition of cholesterol absorption and synthesis. Two furastonal glycosides, F-ring 
opened precursors of diosgenin have been reported, as also hederagin glycosides. The 
Alkaloid trigonelline, trigocoumarin, trimethyl coumarin and nicotinic acid are also 
present. Mucilage is a prominent constituent of the seeds. The seeds are also rich in 
dietary fibre, which may be the main reason, it can lower blood suger level in diabetes. 
1.2: Production & Productivity of Trigonella 
Trigonella (2n =16) is a cold season (Rabi) crop and is fairly tolerant to frost and 
very low temperature. It is best suited to tracts of moderate or low rainfall. The crop is 
sown in all types of soils, especially on loamy soils. It is found in uncultivated grounds, 
field verges, dry grasslands and hillsides. 
The best time for sowing is late October when the daily average temperature 
ranges from 25-30° C. It is grown as a cover crop and also in rotation with maize, cotton 
and Sugarcane. Two improved varieties of Thgonella foenum-graecum have been 
released by I A R I, New Delhi. 
(1) Pusa Early branching, which matures in 125 days. 
(2) Pusa Late type, E.G. 4911 which matures in 165 days. 
The Department of Agriculture, Maharashtra has also released two improved 
varieties of Desi methi, viz., No. 47 and No. 14 which yield 21% and 18% more than their 
respective local types and are rich in Vitamin C. 
1.3: ECONOMIC IMPORTANCE 
(1) Medicinal value 
Fenugreek is an important legume, much used in herbal medicine, especially in 
North Africa, Middle East and India. The seeds are very nourishing and are given to 
convalescents and to encourage weight gain, especially in an anorexia nervosa. The 
seeds can inhibit liver cancer, lower blood cholesterol levels and also have antidiabetic 
effect. The seeds and leaves are anticholesterolemic, anti-inflammatory, antitumour, 
carminative, demulcent, deobstruent, emollient, expectorant, febrifuge, galactogogue, 
hypoglycemic, laxative, parasiticide, restorative and uterine tonic. The seeds yield a 
strong mucilage and is therefore useful in the treatment of inflammation and ulcers of the 
stomach and intestines. Taken internally, a decoction of ground seeds serves to drain off 
the sweat ducts. The seed is very nourishing and is one of the most efficatious tonic 
in case of physical disability caused by anemia or by infectious diseases,especially 
where a nervous factor is involved.lt is also used in the treatment of adult-onset 
diabetes, poor digestion etc. Externally, the seeds can be ground into a powder and 
used as a poultice for abscesses, boils, ulcers, burns etc. Compounds extracted from 
fenugreek have shown cardiotonic, hypoglycemic, diuretic, antiphlogistic and 
hypotensive activity. 
(2) Nutritive value 
Fenugreek is an ancient spice. Whole or ground fenugreek is traditional in 
Mediterranean and Indian cooking, found in most Indian curries and chutneys. Leaves 
are eaten as a very tasty vegetable and prepared like spinach or dried and used 
as a flavouring. The maple aroma and flavour of fenugreek has led to its use in many 
baked goods, chutneys, confectionaries and imitation maple syrup. It is also a basic 
Indian pickling spice. Fenugreek is sprouted and used in salads, providing an excellent 
source of Vitamin E. 
Besides its medicinal and nutritive value, it is a classical breeding and 
cytogenetic material for several reasons. A tremendous amount of genetic diversity exist 
in Trigonella species. It is easy to culture, has a short life cycle, high self fertility, 
homozygosity and great reproductive potential. The plant is a soil renovator and is used 
as a green manure in U.S.A and U.S.S.R, its root contains nitrogen fixing bacteria i.e 
Rhizobium leguminosarum and thus increases the reduced fertility of soil. The plants 
also possess insect repellent properties. 
Inspite of its significance as an important multipurpose legume crop, a very 
limited attempt has been made on genetic improvement of fenugreek due to narrow 
genetic base present in the germplasm. Therefore, there is an urgent need to strengthen 
the-efforts aiming further improvement in the quality and quantity of fenugreek. 
1.4: OBJECTIVES 
Induced mutations increases the genetic variability for certain characters so that 
selection is more effective and the probability of getting the desired genotypes is 
considerably enhanced. The survey of literature reveals that little information exists 
regarding the influence of mutagens on quantitative traits in legumes, particularly in 
Trigonella. So, keeping in view the economic and nutritional importance of Trigonella, 
the present study was undertaken to explore the possibilities of inducing alterations in 
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the genotype to enhance genetic variability and increase the yield potential of Trigonella 
species through the use of physical and chemical mutagens separately as well as in 
combination. 
The present work was aimed to; 
1. study the effect of mutagens on various biological parameters in mi generation, 
2. choose the potent mutagen and standardize effective dose as well as treatment 
conditions for realizing h/gh mutation frequency, 
3. study the genotype differences in relative mutagen sensitivity of both varieties 
and relative effectiveness and efficiency of mutagens, 
4. evaluate the induced chromosomal aberrations at different concentrations of 
mutagens, 
5. estimate the heritability and genetic advance to select the desirable mutants for 
improvement of quality of seeds, 
6. estimate the induced polygenic variations and 
7. evaluate the promising macromutants in advanced generations. 
Table 1: Mutagens used and trait improved in mutant cuitivars released in India. 
Mutagen 
Gamma rays 
X-rays 
Neutrons 
Ethyl methane sulphonate 
Dimethyl sulphate (DMS) 
Ethylene imine (El) 
Sodium azide (NaNa) 
Other mutagens 
Cross bred 
Natural mutants 
No. of mutants 
169 
26 
07 
15 
04 
02 
02 
29 
47 
12 
Main attribute 
High yield 
Early maturity 
Disease resistance 
Quality character 
Grain quality 
Abiotic stress resistance 
Improved plant type 
Others 
Number of 
occurrence 
86 
65 
57 
39 
67 
65 
181 
9 
Source : Current Science, Vol.89, July 2005. 
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MATERIALS AND METHODS 
2.1: Materials 
2.1.1: Varieties used 
The following two commercial varieties of Trigonella foenum-graecum L. were 
used in the present study . 
1. Paaras-9018 
2. Krishna-9001 
A brief description of the two varieties is given below 
Table 2: Salient features of Trigonella varieties used in the study . 
Salient features Paaras-9018 Krishna-9001 
Habit 
Leaves 
Pod character 
Seed character 
Maturity 
Adaptability 
Erect, 30-35 cm long 
Green, trifoliate 
7- 8 cm in length 
Seed medium, light brown 
in colour 
130-150 days 
All over India 
Erect, 30-40 cm long 
Dark green, trifoliate 
7-10 cm in length 
Seed bold, yellow in 
colour 
130-140 days 
All over India 
The certified and healthy seeds of the above mentioned varieties were procured 
from the Division of Genetics, Indian Agricultural Research Institute (lARI), New Delhi, 
India. These varieties are well adapted to agro-climatic conditions of Uttar Pradesh and 
are extensively cultivated in this region. 
2.1.2 : Mutagens used 
The follo.wing mutagens were used separately as well as in combination. The 
doses/concentrations of each mutagen used in the present study is given in Table 3. 
2.1.2.1: Gamma rays 
Air dried seeds of both the varieties of Trigonella were exposed to different 
doses of gamma rays from ®°Co source at the National Botanical Research Institute 
( NBRI), Lucl<now (UP.) India. 
2.1.2.2: Methyl Methane Sulphonate (MMS), (CzHeOjS) 
A set of unirradiated seeds were subjected to treatments with different 
concentrations of MMS for separate and combination treatments respectively. 
2.1.2.3: Ethyl Methane Sulphonate (EMS), (CsHgOsS) 
Both unirradiated as well as irradiated seeds were subjected to treatment with 
different concentrations of EMS for separate and combination treatments. 
2.1.3 : Properties and Mechanism of action of mutagens 
1) Gamma rays 
Gamma rays are the most effective physical mutagen used in inducing variabilities 
in mutation breeding programmes and are produced when unstable atomic nucleus 
like cobalt^° or Caesium release the energy to gain the stability. Cobalt^° has a half life 
of 5.3 years with energy = 1.33 Mev (1^ 1) or 1.17 Mev (112) and is the main source 
for the production of gamma rays. Gamma rays have shorter wavelength and therefore, 
possess more energy per photon and have deep penetrating power. It can penetrate 
many cms. deep into the tissue and requires very heavy shielding e.g inches of lead or 
several feet of concrete. 
(2) Methyl methane sulphonate (C2H6O3S) 
Among the numerous radiomimetic chemicals now known, the alkylating agents 
have been found to be the most potent in a wide array of organisms. Within the 
alkylating groups, MMS has been found to be a very effective chemical mutagen. Like 
any other alkylating agent MMS react with DNA by alkylating the phosphate group as 
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well as purine and pyrimidine bases and create a gap In the DNA molecule causing 
mutation. It is a colourless liquid with a molecular weight of 110.13. 
(3) Ethyl methane sulphonate (C3H8O3S) 
EMS is the most powerful monofunctional chemical mutagen among the 
alkylating agents (Heslot e^ a/., 1959). It is a colourless liquid with density of 1.203 g/ml 
and molecular weight of 124. This chemical has the practical advantage of greater 
solubility and slower rate of hydrolysis and thus considered a "good mutagen" (Loveless, 
1960). This chemical has been known to react particularly the base guanine (Bautz and 
Freese, 1960). Krieg (1963) has shown that the reactivity of this compound with three of 
the four bases decreases in the order of guanine, adenine and cytosine. 
2.2: Experimental procedures 
2.2.1: Preperation of solution for treatment 
All the treatment solutions were prepared in a buffer maintained at pH =7. 100ml 
of buffer was prepared by adding 61ml of 0.05M K2HPO4 to 39ml of 0.05 M KH2PO41% 
Stock solution of EMS and MMS were prepared and from this stock solution, different 
concentrations of the mutagens were prepared by using the formula S1V1 =82 V2 where, 
Si= Strength of stock solution 
Vi= Volume of stock solution 
S2 = Strength of desired solution 
V2 = Volume of desired solution 
2.2.2 : Method of Treatment 
1) Gamma rays 
Two thousand healthy and dry seeds of uniform size arranged in monolayer were 
subjected to doses of 20, 30, 40 and 50 kR gamma rays. Control was maintained by 
presoaking the seeds in double distilled water. 
2) Chemical mutagens 
Prior to the chemical mutagenic treatment, the seeds were presoaked in distilled 
water for 12 hrs at room temperature (25 ±1°C). After the completion of presoaking 
period, the seeds were kept on blotting paper so as to remove small droplets of 
water adhering to the surface of seeds. Thereafter, they were subjected to treatments 
with various concentrations of mutagens for 6 hours. For uniform absorption, large 
quantities of mutagenic solution, approximately three times of the volume of seeds were 
taken. During the treatment, petridishes containing seeds were shaken frequently in 
order to provide sufficient aeration of the seeds. Immediately after treatment, the seeds 
were thoroughly washed in running tap water to reduce the residual effect of the 
mutagens sticking to the seed coat. Then the seeds were removed from petridishes 
carefully. 
3) Combinations 
In case of combination of chemical mutagens, two concentrations of the 
radiomimetic, monofunctional alkylating agents viz., ethyl methane sulphonate (EMS) 
0.2 and 0.3% & methyl methane sulphonate ( MMS ) 0.02 % and 0.03 % were used, 
while in case of combination of physical and chemical mutagens, two doses of gamma 
rays 20 and 30 kR were combined with 0.2% of EMS. 
2.2.3 Sample size 
In both the varieties of Trigonella, 100 seeds of uniform size were used for each 
dose/treatment including the control.These treated as well as untreated seeds were 
sown in the pots for morphological and cytological studies in Mi generation. There were 
10-15 pots for each treatment and 5-10 seeds were sown in each pot. Sowing was done 
in the last week of October. After sowing, each pot was labelled according to the 
concenirations and the date as well as time of seed sowing was recorded. 
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Tables : Details of mutagenic treatments given to Trigonella seeds. 
Mutagens 
Gamma rays 
MMS 
EMS 
Gamma rays 
+ EMS 
MMS+EMS 
Dose/Cone. 
20 kR (L) 
30 kR (1) 
40 kR (1) 
50 kR (H) 
0.01% (L) 
0.02% (1) 
0.03% (1) 
0.04% (H) 
0.1% (L) 
0.2% (1) 
0.3% (1 ) 
0.4% (H) 
20 kR+0.2%( L) 
30 kR+0.2%(H) 
0.02%+0.2%( L) 
0.03%+0.3%(H) 
PH 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
Duration of 
presoaking 
(h) 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
Duration of 
treatment 
(h) 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
No. of 
seeds 
treated 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
L: Lower dose/cone; I: Intermediate dose/cone; H: Higher dose/cone. 
2.3 Observations recorded in IVIi generation 
A detailed study of the effects of different mutagenic treatments in the two 
varieties of Trigonella was undertaken using the following attributes. 
2.3.1 Seed germination 
Seed germination was recorded on alternate days, right from the emergence of 
first shoot in each treatment as well as control till the maximum germination was 
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attained. The percentage of germination and inhibition were determined by using the 
formula 
^„,, Total number of seeds germinated , - . 
Germmation (%) = x 100 
Total number of seeds sown 
T , •, • • /n/^ Control - Treated , __ 
Inhibition (%) = x 100 
Control 
2.3.2 : Plant Survival 
The plants reaching matuarity were scored as plant survival and the 
survival percentage and percent lethality were calculated by the following formula 
. wn / X Total number of plants at maturity , . ^ 
Survival (%) = —- x 100 
Total number of seeds germinated 
X , ,• /A/x Control - Treated ,__ Lethality (%) = x 100 
Control 
2.3.3 : Pollen Fertility 
Flower buds with mature and undehisced anthers from 10-15 randomly selected 
plants were taken from each treatment along with control. The pollen grains were 
dusted in a drop of 2 % acetocarmine on a slide.The pollen grains, which took the stain 
and had a regular outline were considered as fertile while the hyaline (empty) ones 
without stain and having irregular shape were considered as sterile. The following 
formula were used to calculate percent fertility and percent reduction (sterility). 
^ ,, ,, ... ,.,, Number of fertile pollen ,^^ 
Pollen fertility (%) = ^ x 100 
Total number of pollen grains observed 
, . , „ , , Control - Treated , . ^ 
Percent reduction (%) = x 100 
Control 
2.3.4: Coefficient of Interaction ( k) 
To evaluate the effects of combined treatments on various biological 
parameters as well as mutation frequency, the data were analysed by using the formula. 
k = (Sharma and Swaminathan, 1969) 
(a)+(b) ' 
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where 'a' and 'b' stand for two mutagens and k is a hypothetical interaction coefficient. 
The value of k should be one, if the interaction is additive. Any deviation from this value 
would show synergistic or less than additive effects. 
2.3.5: Cytological studies 
For the study of meiosis , the young flower buds were collected and fixed 
in cytological fixative from each treated as well as control populations. Cytological 
fixative are solutions which prevent bacterial decay and autolysis, render the 
substances of the cell insoluble and prevent its subsequent shrinkage and 
distortion and increase the visibility of chromosome structure. In the present study, 
Carney's fluid is used as the cytological fixative. It is a good fixative for chromosomes as 
it penetrates very rapidly. The alcohol in it fixes the cytoplasm and acetic acid, the 
nucleoproteins. 
The young flower buds were collected randomly from ten plants of Mi generation 
and fixed in Carney's fluid (1part of glacial acetic acid plus 3 parts of absolute alcohol) 
with a few crystals of ferric chloride ( FeCb) for 24 hours.Thereafter, the buds were 
transferred and preserved in 70% alcohol. Anthers were squashed in 2% acetocarmine 
stain by standard technique (Swaminathan, Magoon and Mehra, 1954). Preliminary 
observations were taken from temporary slides which were made permanent later on 
using n- butyl alcohol and GAA schedule. The permanent slides were kept in incubator 
at 60°C for 2-3 days. Analysis of various stages of meiosis were best done from fresh 
and temporary preparations, chiefly at metaphase and anaphase stages. 
Microphotographs were taken from temporary as well as permanent slides with 
the aid of "Nicon" photomicrographic unit using 10x eyepiece X 100x objective lens. 
2.4: Observations recorded in IVIj generation 
Seeds from individual plants of Mi generation were collected separately and 
atleast 500 seeds were randomly selected from each treated as well as control 
population of both the varieties and sown in 3 replicates in pots. There were 30-40 pots 
in each treatment with 10-15 seeds in each pot. 
13 
2.4.1: Chlorophyll and morphological (viable) mutations 
Chlorophyll mutations, although not useful for plant breeding purposes, have 
been used as one of the measures of the mutagenic effects. Various types of chlorophyll 
mutations with their frequencies in M2 generation were scored at the seedling stage 
whereas, other morphological mutations were scored throughout the lifeperiod of the 
plants following the classification of Gustaffson (1940, 1947). The spectrum of 
chlorophyll and morphological mutations was scored treatment wise to study mutagenic 
effectiveness and efficiency of each treatment. 
Mutation frequency was calculated by the following methods : 
Number of mutated plants , ^ ^ 
1. Chlorophyll mutation frequency = x 100 
Total number of plants 
, . . . ^ Number of mutated plants ,._ 
2. Morphological mutation frequency = x 100 
Total number of morphological 
mutations 
2.4.2: Mutagenic effectiveness and efficiency 
The usefulness of a mutagen depends on its effectiveness and efficiency. 
Mutagenic effectiveness is a measure of the frequency of mutations induced by unit 
mutagen dose, whereas, mutagenic efficiency is the measure of proportion of mutations 
in relation to undesirable changes like lethality, sterility and meiotic aberrations etc. 
Mutagenic effectiveness and efficiency was calculated on the basis of formula suggested 
by Konzake^ al. (1965). 
1) Mutagenic effectiveness 
Mutation rate on the basis of M, plant progenies (M p) 
a. Effectiveness ^^ ^ population (M.) 
(Physical mutagen) = i f f I_JJL 
Dose in Kiloroentgens (K ^ ) 
b. Effectiveness' MutationrateonthebasisofM, plant progenies ( M ) 
(Chemical 
mutagen) ^ or M^ population (Mf) 
Cone, of mutagen x time of treatment in h 
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Mutation rate on the basis of M, plant progenies (Mp) 
^ComSron) = or M. population (M,) 
Dose of physical mutagen (kR) x Cone, of chemical 
mutagen (%) x time (h) 
2) Mutagenic efficiency 
Mutation rate on the basis of M, plant progenies (M p) 
a) Efficiency or M^ population (Mf) 
% pollen sterility (Ps) or % meiotic aberrations or 
% lethality (L) 
2.4.3: Evaluation of quantitative traits 
Observations were recorded on induced genetic variations for 7 quantitative 
characters. For each progeny, data were recorded on 30 plants from each treatment as 
well as control and 10 plants in each replicate. The progenies segregating for 
macromutations were not used for such analysis. Following characters were thoroughly 
studied in different generations. 
1. Plant height (cm) 
The height of mature plant in control as well as in each treated population 
was measured in centimeters from the base to the tip of the main axis of the plant. 
2. Number of branches per plant 
Number of branches coming out from each node were counted at maturity. 
3. Number of pods per plant 
Number of productive pods were counted at maturity and noted as the number of 
pods borne on the whole plant. 
4. Pod length (cm) 
The pods were measured in centimeters and the mean for each plant was calculated 
for pod length. 
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5. Seeds per pod 
Mean number of seeds per pod was first calculated from each individual plant and 
then the pooled mean was calculated from different mean values. 
6.1000 - Seed weight (g) 
The weight of random sample of 1000 seeds was used to calculate the mean seed 
weight. 
7. Total plant yield (g) 
Plant yield was the weight of total number of the seeds harvested per plant and the 
mean value was calculated in each treatment as well as control. 
2.5: Studies in M3 generation 
On the basis of improvement in mean for yield and yield components the following 
treatments were selected in M2 for raising M3 population. 
a) 0.02 % MMS 
b) 0.03 % MMS 
c) 0.2 % EMS 
d) 0.3 % EMS 
e) 0.02% MMS + 0.2% EMS 
f) 30 kR Gamma ray. 
g) 40 kR Gamma ray. 
h) 30 kR + 0.2% EMS 
To raise M3 generation, 7 M2 progenies were selected which showed significant 
deviations in mean value in the positive direction from the mean value of control, 
particularly for the yield and yield components under study in M2 generation. Seeds from 
each selected M2 progeny were bulked by taking an equal amount of seeds from all M2 
plants from a single M2 progeny and thoroughly mixed. A random sample of this bulk 
was sown to obtain M3 generation. 
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2.6: Statistical Analysis 
Data collected for quantitative characters in different generations were subjected 
to statistical analysis to assess the extent of variations in each parameter. Mean, 
Standard deviation, Standard error, and Coefficient of variation were calculated as per 
the standard statistical procedures. For the analysis of variance, ANOVA was prepared 
for testing the significance of variance. Heritability (h^) in broad sense and genotypic 
correlation among various character pairs were calculated by the formula suggested by 
Singh and Chaudhary (1977) and the genetic advance by the method outlined by 
Johnson et al. (1975). 
2.6.1: Standard deviation (S.D) 
Standard deviation is the positive square root of the average of sum of squares 
of deviations of all observations from their means. It was calculated on the basis of the 
following formula 
^ j3 ^ (X,X)- + (X, - X)- + (X, - X)^ + (X, - X)^ 
where, S.D = Standard deviation 
Z X = Sum of all individual observation 
i.e Xi + X2 + X3 Xn 
X = Mean of all observations, 
n = Number of observations. 
2.6.2: Standard error (S.E) 
Standard error was calculated by using the value of standard deviation 
and expressed in + .The formula used to calculate S.E is given below: 
_ S.D. of sample 
V N - 1 
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Where, S.D = Standard deviation 
N = Nunnber of observations 
Standard error of mean is infact a measure of reliability of sample mean as an estimate 
of the population mean. 
2.6.3: Coefficient of variation (C.V.) 
It measures the relative magnitude of variation present in observations relative to 
the magnitude of their arithmetic mean. It is defined as the ratio of standard deviation to 
arithmatic mean expressed as percentage, and is a unitless number. The following 
formula was applied to compute coefficient of variability (C.V) 
Standard deviation 
C.V. = X 100 
Arithmatic mean 
or C.V. = ^ x l O O 
X 
Where S.D = Standard deviation 
X = Arithmetic mean 
2.6.4: Analysis of Variance (ANOVA) 
Analysis of variance was carried out to find out the variance between the families 
and within the families. The components of variance considered were: 
(1) Within family variation in the control and in the treated material which was an 
estimate of environmental variation. 
(2) Between- family variation which was an estimate of the between- family genetic 
variation. 
2.6.4.1: Genotypic variance ( CT ^ g ) 
Genotypic variance was calculated as follows: 
M S , - M S „ 
a g = ~ 
N 
Where, MSv and MSe = Mean sum of squares of between families/ within families and 
error, respectively. 
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0^ g = Genotypic variance 
N = Number of replicates 
Genotypic coefficient of variation (GCV) 
GCV(%) = ^ ^ ^ x l O O 
X 
2.6.4.2: Phenotypic variance ( a ^ p) 
Phenotypic variance was estimated by summing tlie estimated genotypic 
variance ( a ^ g) to the environmental variance (MSe or a ^e) 
a ^ p = a ^g + a^ e 
Phenotypic coefficient of variation (PCV) 
•\/a"p 
PCV(%) = ^^=^xlOO 
X 
2.6.6: Heritability ( h^) 
Heritability estimate is used to determine whether the observable phenotypic 
difference among individuals for a trait is due to genetic changes or the modifying effects 
of environmental factors. Heritability was calculated as the ratio of genotypic variance to 
total variance as given below: 
2 
h ' (%)--^xlOO 
o p 
Where, a ^ g = induced genotypic variance 
a ^ p= total phenotypic variance 
2.6.7: Genetic advance (GA) 
Genetic advance refers to the improvement in mean genotypic value of the 
selected plants over the parental population. GA is defined as the product of the 
heritability and' selection differential expressed in terms of its phenotypic standard 
deviation as 
GA = k X h^  X a ^ p 
19 
Where, K is the standardized selection differential 
( K = 2.64 constant for 1% selection intensity) 
h^  = Broad sense heritability 
a^ p = Phenotypic standard deviation of the mean performance of treated 
populations . 
— GA 
GA(%ofX) = -=^xlOO 
X 
2.6.7: Test of Significance 
It determines the significance of observed differences between two samples. 
The significant differences between treated and control populations was obtained by 
using the least significance difference (LSD) method (Snedecor and Cochran, 1968). It 
was computed as follows 
Step 1: Construction of data table for 5 treatments and 3 replicates: 
The data were computed such that each treatment occupied a column and 
their replicates were arranged in rows. 
Rows 
(replicates) 
R, 
R2 
R3 
Total of 
columns 
(^) 
Squares of 
total of 
column 
Sum of 
squares 
total of 
column (l}) 
T, 
A i 
A2 
A3 
Ai+.,,+A3 
(Yi)' 
(A,)'+....+ 
(A3) '=Zi 
Column 
T2 
Bi 
B2 
B3 
B1+...+B3 
= Y2 
(Y2) ' 
( B i ) ' + . . . . + 
(B3)'=Z2 
number (treatments) 
T3 
c, 
C2 
C3 
C1+...+C3 
=Y3 
(Y3)' 
( C i ) ^ . . . . + 
(C3)'=Z3 
T4 
D, 
D2 
D3 
D1+...+D3 
=Y4 
(Y4)' 
(D,)'+....+ 
(D3)'=Z4 
T5 
E i 
E2 
E3 
E1+...+E3 
=Y5 
(Y5) ' 
(Ei)V...+ 
(E3)'=Z5 
Total rows 
(replicates) (S) 
A i + . . . + E i = X i 
A2+...+E2=X2 
A3+...+E3=X3 
(Xi)'+...+(X3)'=wr 
(Yi)'+...+(Y5)'=wy 
Z i + ,...+Z5=WZ 
Squares of 
total of rows 
(X,) ' 
(X2) ' 
(X3) ' 
Grand total 
Yi+...Y5=wx 
X1+...X3 
Step2 : Correction Factor ( CF) 
(Grand total) ^  
CF = 
t xr 
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CF *™>^ 
t xr 
where, t = Number of treatment 
r = Number of replicates 
wx = Grand total 
Step 3: Total sum of squares ( SSQT) 
This is the sum of squares of all the values in the Table, minus the correction factor 
SSQT = [ (Ai) ' +(Bi)=^ + +(Ei) ' ] -CF 
Or SSQT = wz - CF 
Step 4: Sum of squares of treatments (SSQt) 
r 
or sSQt = ^ - C F 
r 
Where, r = number of replicates 
Step 5: Sum of squares of replicates (SSQr) 
t 
wr 
or SSQr = — - C F 
t 
Where, t = number of treatments 
Step 6: Sum of squares of Error ( SSQE ) 
SSQE = SSQT - ( SSQt + SSQr) 
Step 7: Estimated variance of Error ( MSE ) 
• ( t - l ) ( r - l ) 
Step 8: Least significant difference based on ordinary t-test ( LSD ) 
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LSD at 5% Level = , P ^ - x (t value at 5% level) 
LSD at 1 % level = , x (t value at 1 % level) 
If the difference between any two sample means exceeds the Least 
significant difference ( LSD)value obtained at 5% or 1%Level,the difference between the 
two means Is said to be significant at 5% or 1% level, respectively. 
2.7: Protein estimation 
Crude protein content in the seeds was estimated by Lowry et al. (1951) method. 
Protein estimation was done in all the selected treatments as well as in control 
population. Three samples of randomly selected seeds were taken from each treatment. 
Each sample was crushed into powder with the help of mortar and pestle and two 
replicates were kept for all the selected samples. 
2.7.1 : Materials used 
1. Bovine serum albumin ( Sisco India Ltd.) 
2. Sodium carbonate ( Na2C03 of Qualigen India, Ltd.) 
3. Sodium hydroxide (NaOH of E.Merck India Ltd.) 
4. Sodium potassium tartarate (Qualigen India Ltd.) 
5. Copper sulphonate (CUSO4 of BDH India, Ltd.) 
6. Folins phenol reagent (Sisco India Ltd.) 
2.7.2: Preparation of reagents 
1. Sodium dodicyl phosphate (SDS) 
1% SDS was prepared by dissolving 1g SDS in 100 ml DDW. 
SDS is used to extract protein from the sample. 
2. Lowry reagent 
A. Na2C03 (Sodium carbonate) = 2% 
Added 2g of Na2C03 and 0.4g of NaOH to 100 ml DDW in a simple beaker. 
B. Sodium potassium tartarate (Na-K-tartarate) = 2% 
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Added 2g of Na-K-tartarate to 100ml DDW to get 2% sodium potassium tartarate. 
C. Copper sulphate (CUSO4) =1% 
Added 1g of CUSO4 to 100ml of DDW to get 1% CUSO4 
Lowry reagent = 100ml A : 1ml B : 1ml C 
3. Folin phenol reagent 
It is available as 2N in the market .50% or 50ml of Folin phenol was diluted in 50 ml 
DDW to get IN Folin. 
2.7.3: Procedure for protein estinfiation 
Step 1: Took 10 mg seed sample from each treatment in small test tubes. 
Step 2; Added 1ml of 1% SDS to each sample.Vertex or shook thoroughly and carefully. 
Left for 10-15 minutes. 
Step 3: Took 0.2ml aliquot from each tube and added 0.8ml DDW to make 1ml exactly. 
Vertex or shook well. 
Step 4: Added 5ml Lowry reagent to each tube and vertex. Left exactly for 10 minutes. 
Step 5: Added 0.5ml of IN Folin phenol to each sample and vertex. Left for 20 minutes. 
Read each sample at 660nm in DU-40 or Beckman s spectrophotometer. 
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Witerature 
REVIEW OF LITERATURE 
The useful variability is a pre-requisite for crop improvement and therefore, the 
first step in any breeding programme would be the search for such variability.ln some 
crops as maize, wheat and rice a wide range of natural variability is l^ nown to occur 
in world collection . However, in legumes, the available natural variability is not rich, 
therefore, mutagenesis enhance the natural mutation rate enlarging the genetic 
variability and increasing the scope for desirable selection. A critical survey of literature 
indicates that in spite of great nutritional and economic importance, a comparatively 
little attention has been paid to genus Trigonella than the other crops. The present 
review of literature helps to understand the great use of induced mutation in 
Trigonella and other plants and also the extensive worl< done by different workers in 
mutation breeding programmes. 
3.1: Origin of Trigonella 
Trigonella foenum - graecum commonly known as fenugreek is indigenous to 
the countries on the eastern shores of Mediterranean. The name of the genus, rr/gone//a 
is derived from the old greek name and is referred as fenugreek in English 
speaking countries 
Fenugreek seeds have been found in the tomb of Tutankhamun ( entombed 
around 1325 B.C ) and the plant was mentioned by Hippocrates (410-470 B.C ). 
According to Vaviiov (1951) and his collegues, India and the iVliddle East form the 
primary centre of origin of most of the important legumes. Romans imported Trigonella 
from Greece as a desirable crop, " Greek hay ", that was used as a cattle food. As 
fenugreek spread around the Mediterranean,ancient physicians learned that its seeds 
contained a great deal of mucilage and when mixed with water provided many 
health benefits. It is one of the oldest medicinal plant, dating back to ancient 
Egyptians, Greeks and Romans who used it as a culinary and medicinal herb and its 
seeds were highly praised by them for their beneficial uses. It has been grown as 
24 
a medicinal plant in Europe during the middle ages. The known existence of other widely 
different names also shows that it is known very early and is one of the oldest medicinal 
plant known to mankind. It is now mostly used in many parts of the world, including 
India, Northern Africa and the United States. 
3.2:lnduced mutagenesis 
Induction of mutation forms an important part of breeding programme as it 
widens the gene pool through creation of genetic variability (Micke, 1998; Ignacimuthu et 
al., 1993). The methodology has been successfully administered for crop improvement 
as evident from a large number of viable ' Plant type ' mutants evolved and released 
for commercial cultivation in India (Kharakwal,2000). Many physical and chemical 
mutagens have been used for induction of useful mutants in a number of crops. 
The potential physical mutagens like gamma rays cause severe reshuffling of the 
genetic material and induce variation of various kinds in crop plants, while ionizing 
radiation still remain a force in inducing genetic variability, a number of chemicals 
have been found to be equally or more effective mutagens (Reddy 1992). 
Among the numerous radiomematic chemicals, the alkylating agents have been 
found to be the most potent in a wide array of organisms.However,few of the mutagens 
belonging to the group of alkylating agents such as ethyl methane sulphonate 
(EMS), methyl methane sulphonate(MMS),diethyl sulphate(dES),ethylamine(EI)and N-
nitroso-N-methyl urea (NMU) have been used more frequently, of these, nitroso 
compounds have been reported to be most effective (Swaminathan, 1966; IAEA, 1970). 
Several ionizing radiations viz. X-rays, gamma rays, protons, fast and thermal neutrons 
have been shown to have mutagenic properties(IAEA, 1970).Out of these,gamma 
rays are considered more suitable for induction of mutations in plants because they 
have shorter wavelength and more penetrating power. Some of the monofunctional 
alkylating agents, ethyl methane sulphonate in particular have been shown to be 
more effective in the induction of mutations than radiations (Kharakwal, 1998a). 
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Mutagens have remarkable potential of improving plants with regard to their 
qualitative and quantitative characters ; and where appropriate selection has 
been applied, improvement in yield (Gregory, 1968 ), adaptability ( Gustaffson,1965 ), 
maturity time (Brock, 1970), disease resistance (Yamashita,1979) and numerous other 
traits (Sigurbjornson & Micke,1969) have been reported. Mutagens also affect the 
metabolism of individuals and influence the activity or synthesis of enzymes and 
growth regulators (Khanna and Meharchandani, 1980; Jain and Khanna,1987). Such 
harmful effects of mutagens lead to various forms of physiological expression of 
damage such as, retarded plant growth, stenlity and death. Radiation have been found 
to produce genetic changes such as mutations, chromosomal rearrangements and 
disturbances in the cell division (Khanna and Meharchandani,1981; Khanna,1986; 
Singh and Khanna, 1988). The additive or synergistic effects of physical and chemical 
mutagens have been reported when they are used in combination in various crops 
(Venkateswarlu et al.,^988 \r\ Catharanthus roseus; \gr\ac\mu\hu and Babu 1989 in 
urd and mungbean). The synergism among two mutagens may be firstly because of first 
mutagen treatment making accessible otherwise non-available sites for reaction to the 
second mutagen; and secondly pre-mutational lesions induced by the first mutagen 
becomes fixed due to an inhibitory effect of the second mutagen on repair enzyme 
(Gautam and Sood,1992). Both these pathways should yield a frequency of mutations 
higher than the total of two mutagens applied individually. However, negative synergism 
was also reported where combination of physical and chemical mutagens induce 
higher sterility than the individual application of these mutagens (Kumar and 
Dubey, 1996 ). With the identification of different mutagens and with better 
understanding of numerous parameters which influence the sensitivity to 
mutagens,the scope for increasing the frequency and spectrum of mutation has 
broadened which is evident from the fact that induced mutations have by now 
made substantial contributions in crop improvement all over the world and particularly in 
India. 
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3.3: Dose effect / LD-50 
LD-50 dose is the dose which is to be considered as to yield the maximum 
number of mutations The dose required for high mutation efficiency of a physical 
or chemical mutagens depends on the properties of the mutagenic agents and of the 
biological system in question In general, the dose effect of a physical or chemical 
mutagenic treatment compnses several parameters, of which, the most important are 
dose rate, concentration, duration of treatment, temperature and pH dunng treatments 
Mutagens at lower dose cause change in one or few specific characters while higher 
dose of mutagens cause lethal effects (Warn and Anis 2001) The greater sensitivity at 
higher mutagenic level has been attnbuted to vanous factors such as inhibition of 
physiological and biological process ( Kurobane ef a/, 1979 ), hormonal imbalance 
(Chrispeels and Varner,1976 ) and to disturbances of balance between promoters and 
inhibitors of growth regulators (Meharchandani,1975 ) 
Chemical mutagens like EMS and MMS have been shown to have a 
dose-dependent reduction m pollen fertility, seedling height and seed germination 
(Edwin and Reddy, 1993) Dose linked effectiveness of physical and chemical 
mutagens was noted in terms of seedling height and chlorophyll mutations as reported 
by Khanna, 1991 and Gumbler et a/,1995 in chickpea A linear relationship between 
dose/duration/concentration and the frequency of different morphological and 
cytological abnormalities have been reported in vanous mutagens (Anis and 
Sharma,1997, Kumar and Sharma, 2003) 
In 7r/gone//a,Koli and Ramknshna (2002) reported highest mutation frequency at 
highest cone / dose of EMS and gamma rays Laxmi and Gupta (1983) recorded a 
significant decrease in the plant height, pod length, gram yield as compared to 
the control in Tngonella A decline in the germination and the seedling height of 
Trigonella with an increase in the dose of chemical mutagen has shown by Jam 
and Agarwal (1993) Inhibitory effects of mutagens leading to reduction in seedling 
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height has been attributed to hampered respiratory enzyme synthesis or reduction in 
the level of amylase activity (Reddy and Vidyavathi,1985). 
With a view to enhance the mutation rate and also to alter the spectrum of 
mutations, many variations in treatment methodology have been used by 
different workers. Treatments with chemical mutagens have been given to dry as 
well as soaked seeds, seedlings at different developmental stages , different phases 
of cell cycle at variable temperature and ionic concentrations (Chopra and 
Pai,1979).Ramanna and Natrajan(1965) studied the mutagenic efficiency of certain 
alkylating agents under different treatment conditions of temperature and hydrogen 
ion ( pH) concentration and diffusion of the mutagen, rate of hydrolysis and the 
influence of alkylating and non alkylating groups of the chemical play a considerable 
role in determining the mutagenecity of a compound. 
3.4: Mutagenic sensitivity 
All the mutagens are not equally effective in generating variability and showed 
differential response to different varieties ( Singh and Sareen,1999). The same 
mutagen dose can cause different degrees of effect in different species. Varied 
mutagenic sensitivity in different genotypes was first reported by Gregory (1955) in 
groundnut and Lamprechet (1956) in peas. Kharakwal (2001), using EMS and gamma 
rays found distinct varietal response for quantitative characters in chickpea {Cicer 
arietinum L.). Distinct varietal response to gamma rays in Lens culinaris was 
observed by Verma and Kumar (1999).Difference in radiosensitivity was also reported by 
Singh and Pal, 1999 in Vigna mungo and Verma and Srivastava,1999 in Lens 
culinaris. Akbar et al. (1976) concluded that differences in radiosensitivity may be due to 
differences in their recovery process involving enzyme activity. 
Differential mutagenic sensitivity of gamma rays and EMS was observed by 
Nandanwar and Patil (2001) in Vigna radiata. Such differential response of 
mutagens to various biological parameters was reported by Reddy et a/.(1998) in 
French bean. Paul and Singh (2002) observed differential response of genotypes to 
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irradiation closes of gamma rays with respect to frequency of chlorophyll mutations 
in Lens culinaris. Kharakwal (1998b) reported that strong mutagens reach their 
saturation point at lower doses in the highly mutable genotypes and become more 
toxic than the higher dose of relatively weaker mutagen. Distict varietal differences 
for cytological aberrations was reported by Verma and Srivastava (1999)in Lens 
culinaris. Mitra and Bhowmik (1999) assessed the radiosensitivity in two cuitivers of 
black cumin {Nigella saliva L.) based on cytological abnormalities induced by gamma 
rays and EMS. Both mitotic and meiotic abnormalities showed increasing trend with 
mutagen dose. Rathod, Maheshwari and Patil ( 2001) reported radiosensitivity in two 
varieties of Soybean. Out of these, two varieties, Monetta was identified as the most 
radioresistent and radiosensitive than MACS-13. Swietlinska and Zuk ( 1987 ) found 
that maleic hydrazide ( MH ), deoxybutane , N-ethyl, N-nitrosourea (ENU)and methyl 
methane sulphonate (MMS) were more sensitive to caffeine. Induction of aberrations by 
MMS and END were highly potentiated by caffeine post treatment in V/c/a feba. 
In general, the varieties with a large assortment of recessive alleles governing 
traits show greater sensitivity and frequency of M2 mutants than varieties having 
more dominant alleles governing a trait (Blixt,1970). The mechanism controlling 
sensitivity to chemical mutagens and X-rays have been reported to be different 
from those determining sensitivity to gamma rays (Edwin and Reddy,1993). 
3.5: Biological damage 
The effect of physical and chemical mutagens and the combination treatments 
on different biological parameters such as germination percentage, pollen sterility 
and survival of plants has been reported by many workers (Verma and 
Srivastava, 1999;Reddy et al.,1992 ; Bhat e^  a/.,2006). Anis and Wani (1997) observed 
decrease in percent seed germination in Trigonella foenum-graecum with different 
concentrations of EMS and MMS. Singh et al. (1993) reported decrease in 
germination percentage in Brassica juncea by EMS. Decrease in germination 
percentage, survival and seedling height in all the mutagenic treatment with decrease in 
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dose of gamma rays and duration of EMS was observed by Edwin and Reddy in 
Triticale(1993) Reddy and Saikia (1992) reported that mutagens at lower doses cause 
change in one or few characters while higher dose of mutagens cause lethal effects 
Verma and Srivastava (1999) reported decrease in germination percentage, plant 
survival and rate of growth with the increase in dose of gamma rays in Lens 
culinaris Gamma rays were reported to inhibit the uptake of EMS due to the 
generalized action of radiation on metabolic processes in the cell Sareen and Kaul 
(1999) observed reduction in germination and seedling survival in Tnticale treated 
with gamma rays, EMS and their combination treatments Singh and Chaturvedi (1980) 
reported mutagen induced damage such as plant injury and lethality in the Mi 
generation ansing due to physiological, chromosomal and gene mutations 
Chaturvedi and Singh ( 1981 ) while studying the effect of EMS and 
NMU on pre-irradiated seeds of Vigna radiata reported greater efficiency of EMS for 
germination and NMU for pollen fertility and seedling height Based on plant survival and 
sterility, the mutation rate of NMU was found to be 1 5-2 0 times higher than gamma 
rays ( Sharma and Sharma, 1981 ) in microsperma and macrosperma lentil Dixit 
and Dubey (1986) observed greater reduction in seedling survival in combined 
treatments of gamma rays and NMU than the respective individual treatments in lentil 
Jam and Aganwal (1987) observed a decrease in percent germination in Tngonella 
corniculata and Tngonella foenum-graecum treated with different concentrations of 
EMS, MMS and NaNa but an increase in ascorbic acid contents was recorded at 
low concentrations following by a continuous decrease in its level with higher 
concentrations of used mutagens in both the plant species Reduction in germination 
percentage with the increase in concentrations of MMS and EMS in Tngonella 
foenum-graecum was reported by Jam and Aggarwal (1993) 
Reduction in growth rate at higher dose of N-methyl-N-nitrosourea, sodium 
azide and gamma ray was reported in barley by Boncheol and Maluszynski (1996) 
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3.6: Cytological abnormalities 
The degree of cytological aberrations either at mitosis or meiosis is regarded as 
one of the dependable critena for estimating the effect of a mutagen and the 
radiosensitivity of a species The chromosomal aberrations induced by different 
mutagenic agents have been earned out by many workers such as Kumar and 
Kesarwani (2003) in Lens culinaris, Abbasi and Anis (2002) in Tngonella foenum-
graecum and Jayabalan and Rao, 1987 in Lathyrus sativus They have reported 
differential response of mutagens in different crops Reddy and Revathi (1992) 
observed a number of meiotic abnormalities in lentil treated with EMS and sodium 
azide Anis and Sharma (1997) reported dose dependent increase in the frequency of 
chromosomal abnormalities with respect to mutagenic treatments Vanous 
abnormalities like stickiness, clumping of chromosomes, univalents, disturbed bivalent 
association, multivalents, micronuclei, lagging chromosomes, bridges without fragments 
have been reported by Sharma and Kumar (2004) in Cicer anetinum with vanous doses 
of gamma rays, Akhaury and Sinha (1994) observed univalents, bivalents, 
multivalents, more then one nucleoli, bndges, laggards when treated with EMS, gamma 
rays and their combinations Higher frequency of translocation and inversion 
heterozygotes were observed by Verma and Joshi (2004) in Vicia faba when 
irradiated with gamma rays as compared to EMS Reddi and Reddi (1985) reported 
greater potency of physical agents in inducing chromosomal breaks than chemicals 
Reddi ef al (1992) recorded meiotic abnormalities such as quadnvalents, univalents, 
laggards, bridges and fragments in wheat and barley with gamma rays, EMS, SA and 
their combinations Venkateshwarlu et al (1988) studied the effect of single and 
combined treatments of gamma rays, EMS, and hydroxylamme (HA) in Catharanthus 
roseus Besides vanous meiotic aberrations, tetrad abnormalities like monads, dyads, 
traids and polyads were also observed Edwin ef a/ (1993) reported increased pollen 
sterility in combined treatments of EMS and gamma rays Dose dependent decrease 
in pollen fertility was reported in Capsicum annum (Anis and Sharma,2000) following 
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treatment with EMS.MMS and SA in M2 generation They observed a significant and 
positive correlation between chromosomal abnormalities and pollen stenlity Kumar and 
Sharma (2003) reported different meiotic abnormalities in Lens culinaris treated 
with gamma rays and EMS and found much greater response in combination 
treatment than any of the individual treatments Kumar and Kesarwani(2003) studied the 
effect of gamma rays, EMS and their combination on vanous cytological parameters 
and pollen sterility in Lens culinans They further reported the reduction in chiasma 
frequency with the increasing mutagenic treatments Reduction in the chiasma 
frequency was observed by various workers in different plants such as Jahan and 
Vahidy (1992) in Hordeum, Maiaviya and Shukia (2000) in Lens culinans and 
Palermo and Ferran (2001) in Vicia faba Nature and potency of the mutagen and 
the underlying factors such as complex structural changes caused reduction in 
chiasma frequency (Sadanandam and Subhash, 1984) 
Meiotic abnormalities induced by caffeine have also been reported by Anis 
and Warn (1997) in Tngonella foenum-graecum Chromosomal changes in the form of 
fragments, stray, laggards and bridges by gamma rays on stored seeds of Tngonella 
was reported by Mishra and Raghuvanshi (1988) 
3.7: Mutagenic effectiveness and efficiency 
The usefulness of any mutagen in plant breeding depends not only on its 
effectiveness but also upon its efficiency Mutagenic effectiveness is measured on the 
basis of frequency of chlorophyll mutations divided by dose of the mutagen 
whereas,mutagenic efficiency is proportion of mutations in relation to undesirable 
changes like lethality, sterility and meiotic aberrations Synergistic as well as 
antagonistic effects may occur when vanous physical and chemical mutagens are 
used in combination Extensive reports on mutagenic effectiveness and efficiency 
of several chemical and physical mutagens have been given by vanous workers 
(Dhole, 1999 in Soybean, Solanki,1991 in Lathyrus sativus, Rathod and Maheshwan 
(2001) in Soybean , Reddy and Gupta, 1989 in Triticaie and Parveen et al, 2006 in 
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Trigonella foenum-graecum. Effectiveness of chemical mutagens have been 
reported to be more as compared to physical mutagens by many workers 
(Bhattacharjee ef a/., 1998). Higher mutagenic effectiveness of MMS was recorded in 
rice (Rao and Rao, 1983) whereas, NMU has been found to be more effective and 
efficient as compared to fast neutrons and gamma rays Sarkar and Sharma (1989) in 
lentil. Kharakwal (1998a) in chickpea reported NMU to be superior to EMS and gamma 
rays in effectiveness and efficiency. Among the monofunctional mutagens, methylating 
agents are more toxic (IAEA, 1970) as compared to ethyiating agents that are 
reported to be less toxic and can be applied at relatively higher concentrations to 
yield more mutations at equimolar concentrations. Reddi and Suneetha (1992) 
reported higher effectiveness of Sodium azide than that of EMS and MMS in Rice. 
Dixit and Dubey ( 1986) observed higher efficiency of combined treatments 
than their individual treatments and reported NMU to be 2-5 times more efficient than 
gamma rays. Higher efficiency of combination treatments has also reported in Barley 
(Thakur and Sethi, 1995).Gautam et al.(^992) studied the effectiveness and efficiency of 
EMS, gamma rays and their combination in black gram. EMS was found to be 2-2.5 
times more efficient than gamma rays and synergistic effect was observed in 
combination treatment. Synergistic effect in combination treatments of gamma rays 
and EMS has also been reported by Ignacimuthu and Babu (1989) in urd and 
mungbean. Higher efficiency and effectiveness of combination treatment has been 
reported by many workers ( Singh and Singh, 1999 and Singh and Yadav,1993). 
Ahmad John (1999) in Cowpea reported that mutation frequency and spectrum is 
associated with the dose of mutagens. Nandawar and Patil (2001) in Vigna radiata 
noted the highest mutagenic effectiveness at lower doses of EMS and HA. Prasad 
and Das (1980). in Lathyrus sativus reported 0.2% EMS to be more effective than 
lowest dose (10 kR) of gamma rays. A decline in the effectiveness and efficiency of the 
mutagen with increased dose of NMU and gamma rays has been reported by Koli 
and Ramkrishna (2002) in Trigonella foenum-graecum. Lower doses of physical and 
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chemical mutagens and their combinations were found to be more effective and 
efficient by many workers (Reddy and Smith, 1984 ; Solanki and Sharma,1999 in lentil). 
3.8: Chlorophyll mutations 
Chlorophyll mutations are considered as a measure to assess the effectiveness 
and efficiency of various mutagens (Singh and Singh, 1999) and are used as genetic 
markers in basic and applied research ( Reddy and Gupta, 1989). Different types of 
chlorophyll mutations such as albina, xantha, chlorina, maculate and tigrina have 
been reported by many workers in different plants such as in Triticum monococcum 
(Dhaliwal,1987) rice (Satyanarayan ef a/.,1993) Lens culinaris (Paul and Singh,2002). 
Most of these workers observed dose dependent increase in the frequency of 
chlorophyll mutations with respect to mutagenic treatments. 
Vanniarajan et al. (1993) reported multiple chlorophyll mutants viz. albina, 
xantha, chlorina, viridis and albomaculata in two varieties of black gram treated with 
EMS and gamma rays. Kharakwal (1998b) observed EMS and NMU to be more effective 
than gamma rays in inducing maximum chlorophyll mutation. Chemical mutagens have 
been reported to be more effective than physical mutagens in inducing maximum 
chlorophyll mutations (Rao & Rao, 1983 in Rice and Fillipetti and De Pace (1986) in 
Vicia faba. El-Den (1993) observed chlorophyll mutations in barley treated with 
Sodium azide. The combined treatments with physical and chemical mutagens 
altered the mutation frequency and spectrum (Singh and Pal ,1999 in Vigna 
mungo. Singh and Yadav (1993 ) in Vigna radiata reported that the combined 
treatment of gamma rays and EMS were most effective in inducing chlorophyll 
chimearas and chlorophyll mutations than their individual treatments. 
Synergistic effect of gamma rays and EMS on chlorophyll mutation frequency 
was reported by Gautam et al. (1992) in barley. Tripathi and Dubey (1992) observed 
the mutation frequency and spectrum in combined as well as individual treatments of 
EMS, and gamma rays. Moreover, chlorophyll mutation frequency increased with the 
increase in dose of mutagens. Ignacimuthu and Babu (1988) reported narrow spectrum 
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of chlorophyll mutations in urd and mungbean and found an increase in spectrum 
of chlorophyll mutations, with increasing dose of each mutagenic treatment. Sharma 
(1970) reported that chlorophyll mutation frequency decreased at higher doses when 
calculated on segregating Mi families basis. However, on the basis of M2 plants a 
progressive increase with the increase in EMS doses was observed.In Trigonella, 
EMS treatments induced more mutations as compared to gamma ray treatments. The 
frequency of various types of chlorophyll mutations in different varieties with different 
mutagens have been found markedly different (Koli and Ramkrishna,2002). 
3.9: Morphological variations 
Induction of viable morphological mutations is prerequisite for efficient plant 
breeding. Several desired mutants have been reported by various workers in different 
crop plants (Jain and Agarwal,1993; Karpate and Chaudhary,1997; Kanaklata,1995). 
Gautam et al. (1992) reported increase in the frequency of chlorophyll and viable 
mutations with an increase in gamma rays and EMS doses. 
Macromutants such as extreme dwarf and tall plants, early and late flowering 
with high spikelet fertility have been reported in rice by Satyanarayan et al. (1993) after 
treatments with EMS, NMU and gamma rays. Bhadra and Jain (1986) reported dwarf 
and compact mutants from single locus recessive mutations and the erect mutant 
from 2 loci multimutation in blackgram after treatments with EMS and gamma 
rays. Gaikwad and Kothekar (2003) isolated nine different morphological mutants 
affecting maturity period and seed character as a result of EMS and SA treatments in 
Lens culinaris. 
Blixt (1972) reported that morphological changes are either the result of 
pleiotropic gene action or of cryptic chromosomal deletions. Mutations affecting 
gross morphoiogical changes in leaf morphology, branching and maturity have 
been reported by many workers (Rao, 1988; Zeerak, 1992; Karpate and Chaudhary, 
1997 ). Sharma and Kumar (2004) reported variation in size, texture, type and 
modification of leaf parts in Cicer arietinum after treatments with EMS at different 
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duration. Early flowering mutants have been reported by Dekov et a/.(1982). Fasciated 
mutants and apinnate mutants have also been reported by Gaur and Gaur (1999), 
Waghmare and Waghmare(2001) and Wani and Anis ( 2000 ). 
Edwin and Reddy(1993) reported synergistic effect for viable mutations at 
lower combination treatments as against the additive effect observed at the higher 
doses. He further reported that the combination treatments changed the spectrum by 
inducing more mutation types that were not observed in the separate treatments. The 
frequency of viable mutations has been found to increase in the dose of EMS.NaNa 
and their combinations with gamma rays (Thakur and Sethi, 1995). Jain and Agarwal 
(1993) isolated a number of morphologically different plants such as abnormal leaf 
types, dwarf types, double flowered and double poded plants in Mi and M2 generation 
of Trigonella foenum-graecum using different concentrations of EMS and MMS. 
Different types of morphological mutants have also been reported in Trigonella by 
various workers (Mahna et al. 1994; Katyani et al. 1980; Raje and Dashore, 2001). 
3.10: Quantitative traits 
The inheritance of quantitative characters is controlled by the interaction of 
many genes or polygenes. Genetic variation among genotypes and relationships 
between major yield contributing traits is important in crop improvement programme. 
Genotypic variation in growth, development and yield have been reported by many 
workers in several crop plants (Mishra and Singh,1992; Singh ef a/.,1995; Wani and 
Anis, 2004; Sutaria and Mehta,2000). 
Kharakwal (2001) reported a wide range of induced polygenic variability in the 
form of micromutations in M2 and M3 generations of chickpea. Micromutations affect 
virtually all morphological and physiological characters as macromutations which 
have higher mutation rate than the micromutation (Venkatachalam and 
Jayabalan,1997 in Zinnia elegans. Dahiya and Waldia (1982) studied the inheritance 
of quantitative characters and gene effect controlling seed yield, its component and 
protein percent in black gram. Warn and Anis (2000) reported increase in mean 
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values of various quantitative characters such as pod length, seeds per pod and 
100-seed weight of Cicer arietinum at lower treatments of gamma rays and EMS. 
Several workers have reported induction of useful quantitative variability in different 
crop plants such as Vicia faba ( Ramgiry,1997 and Singh and Bahl, 1988 ). 
Positive correlation among yield components has been reported by many 
workers (Ramesh and Reddi ( 2002 ); Khedar and Maloo (1999 ) and Singh and 
Bejiga (1990). According to Kharakwal (2003) correlation is a valuable orientation in 
mutation breeding to improve existing associations for desirable characters. Sable 
ef a/. (2002) observed positive correlation of seed yield with height, number of branches 
per plant and 100-seed weight in chickpea. Sharma (1982) in /.ens cu//nans reported 
increased variability for different agronomic characters in mutagen treated populations 
as observed by significant changes in the mean and coefficient of variability in 
comparison to control. 
Genotypic coefficient of variation with high heritability estimates are used as a 
measure of the value of selection for particular characters in plants. Kalia and 
Singh (2003) observed high heritability and genetic advance for certain quantitative 
characters in Vicia faba. Sharma and Sharma (1984) observed higher values of 
heritability and genetic advance in lentil treated with NMU and gamma rays. Increased 
variability in the form of high heritability and genetic advance for different quantitative 
characters has been reported by many workers (Sarkar et al. 1987; Rao et al. 1988; 
Nayeem and Ghasim,1990; Ignacimuthu and Babu, 1993; Srivastava and Singh, 1993). 
Anis and Abbasi (2000) reported decrease in mean values of various qualitative 
traits with increasing variability in Trigonella species treated with different chemical 
mutagens. Laxmi and Gupta (1983) studied induced variability in Trigonella 
foenum-graecum and found negative shift in means for plant height, pod length, number 
of pods per plant and grain yield. 
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3.11: Desirable mutants 
Improvement in grain yield and seed protein concentration is of interest to 
plant breeders to develop cultivars of superior performance.' A significant 
improvement in quality characters like protein content can be achieved through 
induced mutagenesis (Santalla et al., 2001). Singhal et a/.(1978) in bread wheat 
induced variability for protein content through mutagenesis. Rafiev and Gasanov (1977) 
in chickpea induced wide range of variability for crude protein content through 
physical mutagens. Besides gamma irradiation derived mutants, Kharakwal (1998c) 
isolated high protein mutants in chickpea through chemical treatments.Induced mutant 
varieties with improved protein content after treatment with physical and chemical 
mutagens have been reported by many workers (Shaikh et al.,1982; Csanadi et 
al.,2001; Chung et al.,2003). 
38 

EXPERIMENTAL RESULTS 
4.1: Studies in iVIi generation 
The effect of MMS, EMS, gamma rays and their combination treatments were 
studied on seed germination, plant survival, pollen fertility, meiotic aberrations and 
various quantitative characters. The hypothetical interaction coefficient (k) of 
combination treatments was determined for various biological parameters. 
4.1.1: Seed germination, plant survival and pollen fertility 
. For identification of variations, the plants raised from treated seeds were 
compared with control (untreated seeds). 
Data on seed germination, plant survival and pollen fertility are presented in 
Tables 4 and 5. 
4.1.1.1: Seed germination 
Seed germination gradually decreased with an increase In dose/concentration 
of the mutagens in both the varieties (Graph-Fig. 1). In case of gamma ray treatments, 
the maximum inhibition percentage was observed at 50 kR in variety Paaras-9018 
(38.14%) and variety Krishna-9001 (36.08%). In case of EMS treatments, the maximum 
inhibition percentage (25.77%) was observed at 0.4% in the variety Paaras-9018 and at 
0.2% EMS it was (21.64%) in the variety Krishna-9001 respectively. Among MMS 
treatments, 0.04% showed maximum inhibitory effect (15.46%) on germination in var. 
Paaras-9018 and (11.34%) in var. Krishna-9001 respectively. However, the highest 
inhibition percentage in var. Paaras-9018 (45.36%) and var. Krishna-9001 (44.32%) 
were recorded at 40 kR + 0.2 % EMS treatment. 
Pooled mean values indicated that the combination treatment of gamma rays and 
EMS were most effective in reducing the germination percentage. In general, var. 
Paaras-9018 was proved to be more sensitive to mutagenic treatment than var. Krishna-
9001. 
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The interaction coefficient for most of the combination treatments was less than 
additive. The only exception was 0.03% MMS + 0.3% EMS treatment in var. 
Krishna-9001 which showed synergistic or additive effect (k = 1.0). 
4.1.1.2: Plant Survival 
Plant survival also revealed a decreasing trend with an increase in mutagenic 
treatments in both the varieties (Graph- Fig.2). In case of gamma ray treatment 
maximum fethafity was observed at 60 kR fn var. Paaras-9018 (35.70%) and var. 
Krishna-9001 (37.30%). In case of EMS treatments, maximum lethality (27.74%) and 
(23.07%) was observed at 0.4% and 0.2% (n var. Paaras-9018 and var. Krishna-9001 
respectively. Maximum lethality (14.83%) and (13.64%) was observed at 0.04% MMS 
treatment in variety Paaras-9018 and variety Krishna-9001. Pooled mean values 
indicated that maximum lethality of (40.70%) and (38.09%) was recorded at the 
combination treatment of 40kR+0.2% EMS in both the varieties. 
Less than additive effect was observed in all the combination treatments. The higher 
coefficient value (k = 0.84) was recorded at 0.03% MMS + 0.3% EMS in variety Krishna-
9001. In general, var. Paaras-9018 was more sensitive to all the mutagenic treatments 
then var. Krishna-9001 in reducing the survival percentage. 
4.1.1.3: Pollen fertility 
A gradual decrease in pollen fertility with an increasing dose/cone, of the 
mutagens in single as well as combined treatments was observed in both the varieties 
(Graph-Fig3). Maximum fertility was observed at the lowest treatments whereas 
minimum fertility percentage was observed at highest treatments in all the mutagens.The 
highest sterility of (44.32%) and (44.14%) was recorded at 40kR+0.2% EMS in var. 
Paaras-9018 and var. Krishna-9001 respectively. The pooled mean values indicated 
that var. Paaras-9018 showed comparatively more sterility and was proved to be more 
sensitive than var. Krishna-9001 to both physical and chemical mutagens. 
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Fig 1: Effect of MMS, EMS, gamma rays and their combination 
treatments on seed germination in M, generation in Fenugreek 
{Trigonellafoenum-graecum L.) 
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Fig 2: Effect of MMS, EMS, gamma rays and their combination 
treatments on plant survival in M, generation in Fenugreek 
{Trigonellafoenum-graecutn L.) 
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Fig 3: Effect of MMS, EMS, gamma rays and their combination 
treatments on pollen fertility in Mj generation in Fenugreek 
{Trigonellafoenum-graecum L.) 
Coefficient of interaction showed less than additive effect in all the combination 
treatments The highest coefficient value (k = 0.80) was recorded at 40kR + 0.2% EMS 
in var. Krishna- 9001. 
In general, the order of effectiveness in reducing the germination percentage, survival 
percentage and pollen fertility was y-rays + EMS > y-rays > MMS + EMS > EMS > MMS 
in both the varieties. 
4.1.2: Cytological aberrations 
The PMCs from untreated (control) populations of two varieties of Trigonella viz. 
Paaras-9018 and Krishna-9001 revealed 8 bivalents at metaphase-l (plate 1, Fig.1) 
revealing 2n = 16 chromosomes. The chromosomes disjuncted equally into 8:8 at 
anaphase and telophase stages and cytokinesis was normal (Plate 1, Figs. 2-6) The 
treated plants exhibited various frequencies of abnormalities. Although, the spectrum of 
abnormalities was more or less same for all the treatments in both the 
varieties,however, there was difference in the frequencies of specific anomalies. The 
frequency of meiotic abnormalities recorded at various meiotic stages in treated 
populations and the total number of PMCs scored in each dose/cone, along with 
respective control are presented in the Tables 6 and 7.The coefficient of interaction (k) 
for various combination treatments is presented in Tables 6 and 7. A dose dependent 
increase in meiotic aberrations was observed in all the mutagenic treatments in both the 
varieties and the maximum aberrations were found at the highest cone./ dose of almost 
each mutagen (Graph Fig.4) . At prophase and metaphase, the most frequent 
aberrations were univalents, multivalents, precocious separation, more than one nucleoli 
while at anaphase and telophase, laggards, bridges, non disjunction of chromosomes 
and unequal distribution were observed in high frequencies in both the varieties. Other 
anomalies like stray bivalent, misorientation of bivalents, stickiness, micronuclei and 
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disturbed polarity were also observed at different stages of meiosis but comparatively in 
low frequency. 
More than one nucleoli was observed at diakinesis (Plates 1, Fig.7). The highest 
frequency (1.99%) was observed at 0.03%MMS+0.3% EMS treatment in var. 
Paaras-9018 and (1.69%) at 40 kR in var. Krishna-9001. 
The frequency of univalents ranged from 2-4 per PMC at metaphase 1. (Plate 1 & 2, 
Figs. 8-10). The highest frequency of PMGs (3.2%) and (3.11%) showing univalent 
formation was observed in combination treatment 40kR +0.2%EMS in var. Paaras-9018 
and var. Krishna-9001 respectively. 
Multivalents were observed in the form of trivalents, tetravalents and hexavalents 
at metaphase I (Plate 2, Figs. 11-14). Higher doses of all the mutagens induced 
maximum number of multivalent formation. The highest frequency (2.88%) was 
observed at 30kR +0.2% EMS in var. Paaras-9018 and (2.86%) at 40 kR +0.2 % EMS 
in var. Krishna -9001. Precocious movement and stray bivalents were also observed at 
metaphase I in most of the treatments except some lower treatments. (Plates II, Figs. 
15-17). 
Mostly one or two bivalents disjuncted earlier than normal disjunction of other 
bivalents. The highest frequency of precocious separation (2.42%) was observed at 50 
kR in var. Paaras-9018 and (2.40%) at 40 kR + 0.2% EMS in var. Krishna-9001 . The 
highest frequency of stray bivalents (2.65%) and (2.61%) was observed at 40 
kR + 0.2% EMS in var. Paaras-9018 and var. Krishna -9001 respectively. Spindle 
disturbances were observed in some PMCs of treated population which resulted into 
misorientation of bivalents at metaphase I (Plate III, Fig. 20) .The maximum 
misorientations(2.68%) and (2.65%) were observed at 40 kR + 0.2%EMS in var. 
Paaras 9018 and var. Krishna-9001. 
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Similarly, the highest frequency of stickiness (2.91%) and (2.60%) were observed 
at 40 KR + 0.2% EMS in var. Paaras-9018 and var. Krishna-9001 (Plate III, Fig.21). 
Laggards, bridges and unequal distribution were the common anomalies observed at 
anaphase and telophase stages in the treated plants. Laggards were observed at 
anaphase I and II and ranged from 1-3 per PMC (Plate III, Figs.23-25). These were 
present either as univalents or as whole bivalent. Gamma rays (50KR) induced 
maximum number of laggards (2.99%) and (2.91%) in var. Paaras-9018 and var. 
Krishna-9001 respectively. Bridges were observed at anaphase I and anaphase II in the 
treated population. Mostly single bridges were observed (Plate III Fig. 27). The highest 
frequency of bridges (2.11%) and (2.09%) were observed at 40kR + 0.2% EMS in var. 
Paaras - 9018 and var. Krishna-9001, respectively. 
Non disjunction of chromosomes were observed at anaphase I and anaphase II 
stages(Plate IV, Fig.29). The highest frequency of PMCs (2.44%) and (2.49%) showing 
non disjunction of chromosomes were noticed at 40kR + 0.2% EMS in var. Paaras-9018 
and var Krishna- 9001. In such PMCs some of the bivalents failed to segregate and 
move to any of the poles along with normally disjuncted chromosomes. 
Unequal segregation of chromosomes was observed at anaphase I of treated 
populations instead of normal 8:8 segregation, the chromosomes segregated in the ratio 
of 9:7, 10:6 and so on. The highest frequency of such PMCs (2.15%) and (1.15%) were 
observed at 40kR + 0.2% EMS in var. Paaras-9018 whereas at 30 KR + 0.2% EMS in 
var. Krishna-9001. Micronuclei were observed at telophase I and II stages of treated 
population (Plate IV, Figs. 30&32). Frequency of micronuclei ranged from one to many 
PMCs in both the varieties. The highest frequency of (1.50%) and (1.05%) were 
observed at 30 kR + 0.2% EMS in var. Paaras-9018 and var. Krishna -9001. 
Disturbed polarity was commonly observed at A II and T II stages (Plate IV, Figs. 
33-34). The highest frequency of PMCs with disturbed polarity (1.88%) and (2.09%) 
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were observed at 50 KR treatment of gamma rays in var. Paaras-9018 and 40 KR + 
0.2% EMS in var. Krishna-9001. Some abnormalities like stickiness, unequal distribution 
and univalents were also observed in some PMCs in the control (untreated) population, 
but their frequencies were very low as compared to treated populations. 
It is clear from the Tables 6&7 that more or less similar abnormalities were 
present in both the varieties but the frequency was more in var. Paaras-9018 as 
compared to var. Krishna-9001 and the metaphase aberrattons were common foffowed 
by anaphase and telophase aberrations. The order of effectiveness in inducing the 
maximum frequency of overall meiotic aberrations was gamma rays + EMS >gamma 
rays > MMS + EMS> EMS > MMS (Graph-Fig. 4). 
The value of interaction coefficient 'k' was less than additive in all the 
combination treatments. 
4.1.3: Studies on quantitative characters 
Mutagenic effects of gamma rays, EMS, MMS, and their combination treatments 
were studied on 7 quantitative traits viz. plant height (cm), number of branches per plant, 
number of pods per plant, pod length (cm), number of seeds per pod, 1000 seed weight 
(g) and total yield per plant (g) in M^  generation. Data on all these quantitative traits and 
the effect of various treatments of mutagens on mean and coefficient of variation are 
summarized in the Tabes 8 & 9. 
It is generally believed that after mutagenic treatments, no change occurs in 
mean and variance in Mi generation. In the present study, changes were encountered in 
means for all the quantitative traits and coefficient of variance differed conspicuously 
from character to character. 
Plant height incteased as compared to the control at lower treatments of MMS,EMS and 
their combinations whereas it decreases at higher doses/concentrations of each 
mutagens. Number of branches per plant, pods per plant and pod length decreased in 
44 
most of the mutagenic treatments. However, in most of the treatments of MMS and lower 
and intermediate treatments of EMS, mean numbers of this parameters increased 
showing sign of stimulatory effect in both varieties. A dose dependent decrease in mean 
number of seeds per pod was observed in most of the mutagenic treatments. However, 
lower or intermediate treatments of MMS, EMS and 0.02% MMS + 0.2% EMS dose 
treatment showed stimulatory effect on this trait. The highest mean of (12.56%) and 
(12.95%) were observed at 0.03% and 0.02% MMS and the lowest (10.09%) and 
(10.14%) at 50 KR gamma rays treatment and 40 kR + 0.2% EMS in var. Paaras-9018 
and var. Krishna-9001 respectively. 1000 seed weight (g) and total yield per plant (g) 
increased in almost all lower and intermediate treatments but decreased in gamma ray 
treatments and combination treatments of EMS and gamma rays. The highest mean 
value for total yield of 1.85% and 1.79% were recorded in 0.02% MMS + 0.2% EMS 
treatment and 0.03% MMS treatment in var. Paaras-9018 and var. Krishna-9001. 
The pooled mean values of all quantitative traits for different mutagens (Tables 
8&9) indicated that lower or intermediate treatments showed stimulatory effect whereas 
higher treatments of all mutagens showed inhibitory effect in M generation. In general, 
gamma rays and combination of EMS and gamma rays were found to be most effective 
in reducing the mean values of most of the quantitative traits (Tables 8 & 9). 
The polygenic variability measured in terms of coefficient of variation, increased as 
compared to control in all the mutagenic treatments with few exceptions. Maximum C.V. 
was recorded for total yield per plant followed by branches per plant and 1000 seed 
weight. In general in both the varieties, gamma rays and combination treatments 
induced maximum variability for all polygenic traits (Tables 10 & 11). Both the varieties 
showed varied influence of different mutagenic treatments. However, var. Paaras-9018 
proved to be most effective in inducing the maximum variability as compared to var. 
krishna-9001. 
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4.2: Studies in IVI2 generation 
4.2.1: Seed germination 
In all the mutagenic treatments a dose dependent decrease In germination and 
increase in percent inhibition was observed. However, the extent of inhibition was low as 
compared to M^  showing that various concentrations of mutagens did not have more 
pronounced effect in M2 generation. The highest inhibition percentages (39.17%) and 
(37.50%) were recorded at the combination treatment of 40 kR + 0.2% ElVIS in var. 
Paaras-9018 and var. Krishna-9001, respectively. The percent germination in each 
mutagen indicated clearly that the combination treatments of EMS and gamma rays 
were more effective in reducing the germination percentage in both the varieties. 
However, the response was more in var. Paaras-9018 as compared to var. Krishna-9001 
(Tables 12 & 13). 
The value of interaction coefficient (k =1.05) shows synergistic effect at 0.03% 
MMS + 0.3% EMS in var. Krishna-9001. Other combination treatments showed less then 
additive effect. However, the value of interaction coefficient increased in M^ generation 
as compared to M^  generation showing synergistic or additive effect (Tables 12-13). 
4.2. 2: Plant survival 
Plant survival in the treated populations was reduced as compared to control in 
both the varieties. Although a dose dependent reduction was observed in all the 
mutagenic treatments. The reduction was less as compared to Mi. Highest lethality 
37.63% and 36.93% were recorded at 40 kR + 0.2% combination treatments in both the 
varieties. Maximum survival 91.44% (var. Paaras-9018) was observed at 0.01% MMS 
treatment and 92.33% (var. Krishna-9001) at 0.01% MMS treatment. Combination 
treatments of gamma rays and EMS proved to be most effective in reducing the survival 
percentage (Table 12&13). 
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The interaction coefficient was additive at 0.03% IVIIVIS + 0.3% EI\/IS treatment in 
var. Krishna-9001 (k = 1.15). Tlie other combination treatments showed less than 
additive effect. 
4.2.3: Pollen fertility 
Pollen sterility increased with an increase in dose/ cone, of all mutagens. Less 
sterility was noticed in M2 generation as compared to Mi generation in both the varieties. 
Highest sterility (41.25%) and (40.74%) were observed at 40 kR + 0.2% EMS in variety 
Paaras-9018 and variety Krishna-9001 respectively (Tables12 & 13). However, the order 
of effectiveness in reducing the pollen fertility was same as in Mi generation ie. gamma 
rays + EMS > gamma rays > MMS + EMS > EMS > MMS. 
The value of interaction coefficient (k) was less then additive in all the combination 
treatments in both the varieties. 
4.2.4: Chlorophyll mutations 
Chlorophyll mutations were recorded in M2 generation at the seedling stage. On 
the basis of the intensity of pigmentation, four types of chlorophyll mutants viz. albina, 
xantha, chlorina and maculata were isolated in the segregating M2 plants in both the 
varieties of Trigonella. Most of the chlorophyll mutant types (albina, xantha and chlonna) 
were lethal and survived for 20-25 days only while maculata survived till maturity. 
Variation in spectrum and frequency of different chlorophyll mutations was recorded 
among different treatments of the mutagens and also between the two varieties (Table 
14 &15). A brief discription of the different chlorophyll mutants is given below. 
Albina; Seedlings were completely or nearly white in colour and relatively smaller than 
normal seedlings. These seedlings died within 7-10 days after germination. 
Xantha: Seedlings were straw yellow or pale yellow in colour. These seedlings were 
non-viable and showed normal growth in the beginning but started withering away on the 
13**^  day and ultimately died within twenty days. 
47 
Chlorina: Seedlings were pale yellowish green to yellowish green, lethal or semilethal 
and survived for 20-30 days after germination and finally died. 
Maculata: Seedlings showed yellow or whitish dots on their leaves, the mutants either 
died within 30-40 days or survived till maturity but no seed set was observed. 
4.2.4.1: Frequency and spectrum of chlorophyll mutations 
Frequency and spectrum of chlorophyll mutations induced by physical and chemical 
mutagens in both the varities of Thgonella foenum- graecum are presented in Tables 
(14 & 15). 
The chlorophyll mutation frequency was calculated on Mi progeny as well as on 
M2 population basis. The trend of the mutation frequency was more or less similar in 
both the methods. Therefore, the results are described on M2 population basis. Perusual 
of results (Table 14&15) revealed that chlorophyll mutation frequency increased linearly 
with the increase in dose/concentration of chemical mutagens. However, in gamma rays 
alone and in combination with EMS a slight decline in the frequency was observed at the 
higher dose treatments. 
In variety Paaras-9018, xantha mutant was more frequent followed by chlorina, 
maculata and albina. The maximum frequency (5.21%) was recorded at 0.03% 
MMS + 0.3% EMS treatment (Table 14). However, in variety Krishna-9001, frequency of 
chlorina mutants was maximum followed by xantha, maculata and albina (Table15). The 
maximum frequency of (5.19%) was recorded at 40 kR gamma rays treatment. 
However, the overall frequency of chlorophyll mutations in each mutagen 
indicated clearly that the frequency was highest in combination treatments of EMS and 
MMS as compared to other treatments in both the varieties. 
It is clear from the tables that variation in the spectrum and frequency of different 
chlorophyll mutations was recorded among the different treatment of mutagens and also 
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between the two varieties and the variety Paaras-9018 appeared to produce more 
chlorophyll mutants than variety Krlshna-9001. 
The value of interaction coefficient (k) was less than additive in combination 
treatments of gamma rays and EMS whereas combination treatments of MMS and EMS 
produced synergistic or additive effect. 
4.2.5: Mutagenic effectiveness and efficiency 
Mutagenic effectiveness based on chlorophyll mutations was calculated to 
assess the frequency of mutations induced by each dose/concentration of the mutagens. 
Perusual of results (Table 16 &17) revealed that in case of MMS the 
effectiveness initially decreased with increase in concentration whereas it increased at 
highest concentration (0.04%) in both the varieties, on the other hand, in case of EMS, 
the effectiveness increased at highest concentration in variety Paaras-9018, whereas, in 
variety Krishna-9001, it decreased from 0.1% - 0.2% and then increased at higher 
concentrations (0.3% - 0.4%). However, in gamma rays and combination treatments the 
effectiveness decreased with the increase in concentration / doses of the mutagens in 
both the varieties. 
The observation revealed that the effectiveness increased at higher 
concentration of EMS and MMS but decreased slightly at higher concentration of gamma 
rays and combination treatments thus proving lower doses to be most effective in 
causing mutations however, on the basis of frequency of mutations induced by each 
dose / concentration of mutagens MMS was most effective in causing mutations in both 
the varieties. The response of mutagenic effectiveness was more in variety Paaras-9018 
as compared to variety Krishna-9001. Mutagenic efficiency indicates the proportion of 
mutation in M2 in relation to the biological damage caused in Mi generation. The 
mutagenic efficiency was calculated on the basis of two different criteria, viz; 
49 
o 
c 
.2 
o 
£ 
0) 
'E 
0) 
O) (0 
3 
s 
tn 
o 
'E V 
O) 
n) 
4-1 
3 
s 
a> 
M 
o 
•D 
(0 
M 
a> 
c 
0) 
_> 
'^ u u 
a> 
c 
Q.-0 
S « g 
u 
Q. 
0) , ^ 
CO (0 
"o 
D. 
5^ 
c 
E 
OJ T t CM CM lO 
CO TT i n c:) lO 
o o o q o 
d) d) d d) o 
m •^ l o CM «o 
TT T - 1 - i n o 
O 1— T - X— ^ 
d CD d o d 
• ^ N- u> 
r~- T- o> 
T - CM ^ 
o r~- CO CM u> 
CD CM CO t - ^ -
O • " T " T~ IT" 
o o o o o o o o 
i n CD r>» 
T- <D O 
T - O T^ 
o d d 
TJ- CM O 1 ^ 00 
CO 00 CD T- 00 
O O O T- <3 
d d d d d 
•<- r^ N- (O CM 
•<t CD CD CO 0> 
O O O x - p 
d d d d d 
CD CO t o 
i n 1 ^ CO 
T— T— T -
d o d 
i n CO TT 
OO CM CO 
O •<- 1 -
d d d d d 
CO CO U> 
CM O ^ 
d d d 
CO o 00 i n ^ 
CO o CO CM r»; 
CO CD i r i 1 ^ CD 
CO i n CM 
' * O •'t 
T-^  r j V-: 
CO CM 
i n (£> 
T-^ T ^ 
CO CO 00 
CD CD !>-; 
CNi csi CM 
CO CO T - CO T -
d d d d d 
CM 0> O 
1 - O •«-; 
d d d 
O CM 1 ^ TJ- 00 
i n r-~ CD r~. o> 
d d d -r^ d 
00 CD CD O CM 
00 ^S; i n 00 ^ 
d CM CM CO CM 
OO T - TJ-
00 CM in 
ci in rt 
CM t-~. 00 O T -
h - O CD CN 0> 
CM •^' - ^ t ' CO 
CM O CO 
in r^ ^ 
• s r •<3^ ^ 
r - Tf Tt m <n 
•«r 1 - CO (^ CM 
tri CD 00 00 1*^ 
T- O CM 5 •»-
•t T- di a> d T- CM •^ ^ 
CM CM CN CM 
CM O <0 
CN CD p 
CM CO CO 
CM CM CM 
in •^ T- 00 »* 
CD T-; CO CO 
d T-^  iri r-" CO 
CO CO CO CO CO 
CM CM CM 
T- CO !«>; 
oi "<t «^ 
CO ^ <» 
CO _ T- CO O CO CO CD •^ CO 
CD •<-; CM h- p 
d iri CD r^ M> 
CM CM CM CM CM 
CD N- CD 
CO CD T-; 
•^ CD 1^ 
CM CM CM 
CM CD O O CM 
CD 00 00 r~- 00 
T-^  cvi -"f iri CO 
CO CO CO CO CO 
T- O U5 
CD t^  p 
CO d 00 
CO -^ fO 
(0 
s 
UJ 
(0 
s 
CN CO •^ 
o o o o 
gwssssgsss 
OJ S T^ CM CO •<}• 
V) 
s 
Ul 
0) S 
CM CO « 
o o 
+ + 
CM CO 
o o 
CO 
CDCCUCCQ: 
E j ^ ^ jc: ^ 
™ o o o o 
2 
re 
if 
0) re 
CM CM 
d d 
+ + 
^ :< 
o o S d d d d 2 l i J d d d d 5 S d d 5 ( i ) c M c o T } - i n S C i ) c o \ r 5 
(/) 
(U • 
c - ^ 
<u o 
> o 
TO (U 
O 
c 
0) 
c 
0) 
n 
3 
s 
(0 
o w 
• - « o 
M 7 : u-
0) 
c 
ra 
Q.T3 
S 
« - t 
c 
0)  
w 0) 
Q. 
(1> 4 - ^ 
-) E 
^ 
> — ' 
(0 CO 
0) 
o 
Q. 
re 
c 
0) 
E 
re 
0) 
o) in in 1- (N 
•<- (M ro in ro 
0 0 0 0 0 
o o d o o 
• ^ en cNj CO h-
co in ^r in Tt 
o o o o p 
CD CD d C3 O 
CO -r- rt 
CD CX3 h-
0 0 0 
T- •<- 00 CO lO 
OJ T- TT T- T -
0 0 0 0 0 
CM CN N 
0 00 « 
T- 0 0 
0 0 0 
0 00 CD 0 CO 
CO CO ^J- CD t 
0 0 0 0 0 
0 0 0 0 0 
0 CM i n 
••4- i n 0 
0 0 T-
0 0 0 
0 to 
CM r» 
T- 0 
0 0 0 
00 r«. 
T— T -
0 0 
h~ r^ - ^ 
00 0 - ^ 
0 ^ T-
0 0 0 
00 
0 
CO i n t o 
1- (35 O 
T- O ^ 
CD d d 
O O •^ •<- fO 
o o cj) ^r CO 
•<• CO Csi CO c i 
CO • < - Ta- CNJ CM 
• » - O • « - CM T -
CD CN 0> 
en -^ to 
csi c\i r4 
•<»• CN CM 0 0 T -
CD (6 CD CD d 
T- t~- a> T- o p 
d d d 
TJ- CD CO CN 0 0 
csi CO in 00 »* 
<Z3 C3 c i CD O 
00 CN O •^ T -
CD CM rvi r-- N; 
CD x-^  csi r\i T-^  
CM O CO 
CJ> 00 CO 
CO -^ ^ 
O M- C3) CN 1 -
00 CD T- Tt o 
CN CO iri • ^ ^ 
• ^ M- ^ 
O CD 00 
•<3^  CO CO 
05 CD x~ •<— 0> 
o •^ p o to 
CN '^r i n CD TT 
CN t ^ 0 
CO r^ CN 
CD 0 CN 
•c- CN CN 
•^ 00 
CN CM 
CJJ TJ- CO 
CM -^ a- 00 
CO CD n 
CN CN CN 
•«1- 00 0 0 0 
r-- CD cn C3> fo 
0 rsj -"a- 00 ^ 
CO CO CO CO CO 
•^ rt at 
rvj T- (o 
cj) xj- T -
co •«)• • * 
^ ^ CD • * i s . 
r- o i : : S2E 
CD r^ CD T - h -
C35 O h - N- p 
CD CO CD CM d 
T- c\i o j r^ i CJ 
1- CJ) O 
T- CO iq 
C\i CD ' *" 
CM CN CM 
C7> • • - • < } • O T -
p O CD CO « 
T - - ^ iri r^ ^ 'I' 
CO CO CO CO CO 
00 CD 00 p o p 
•^ ' OC) CD 
CO CO CO 
CO 
• ^ ^ " ^ sO / / \ QS d^ 0^ QS 
i y T- CM CO TT 
S 0 0 0 0 
S d d CD CD 
TO W S S S S S S SS 
CD S T - CM CO •^ 
2 uj d d d d 
vP vP 
,« S^  5^ 
OT CN CO 
S 0 Q 
m + + + vP - ^ 
c m 0^ 0^ 
(TJ i i CM CO cu S 0 0 
S S d d 
c 
CD 
(0 
re 
re 
F 
a> re 
2 0 
Q: or or (T 
0 
<N 
0 
CO 1 0 in 
(T3 
UJ + (0 
re ps 5^ 
*- CN CM 
2 d d E + + 
ccda: 
S 0 CO t 
CO 
in 
c 
o 
O) 
flS 
lo CD in lo r^  in o o) T- o 
O T - T - T - T -
CVJ 
CO 
o 
l~-
^ o 
• ^ 
r~-
m 
—^ T  
CM 
a> 
o 
_ i i 
o 
1 
(0 
S 
(0 n 
Q. 
ra 
> 
00 
CO 
o 
C3 
CM 
en 
o 
d> 
CD 
CD 
d 
•^ 
T— 
CD 
m 
T— 
d 
o 
o 
1 
ra 
c 
V) 
£r 
.2 
ra 
> 
ro 
O 
00 h- TJ- CO 
r-- r- 1- o 
O T - T - T -
i i 
W 
IS 
LU 
+ 
CO 
>. 
n> 
E 
E 
O 
CO 
LU 
+ 
>. 
2 
(0 
E 
E 
(0 
O 
CO CO 
2 IXJ 
CO 
HI 
+ 
CO 
(0 
E 
E 
ro 
O 
CO 
LLI + 
M 
>^  
5 
ro 
E 
E 
ro 
O 
.^ ^ 
ro 
5 
c 
o 
•o 
<0 (/) ro j Q 
(U 
2 
c 
g 
S 
"S 
:s 
1 
_ i 
CL 
s 
' k . 
c 
o 
• o 
0) 
OT 
ro Si 
a) 
E 
c 
g 
' < 4 - ' 
ro 
3 
2 
CO 
IT 
S 
a) Mutagenic efficiency based on sterility (WIS). 
b) l\/lutagenic efficiency based on ietliality (Mf/L). 
In general, mutagenic efficiency increased with an increase in dose/ 
concentration of mutagens with few exceptions (Table 16 & 17). In case of MMS, EMS 
and their combination treatments, mutagenic efficiency increased with an increase in 
treatments in both the varieties whereas in case of gamma rays alone and in 
combination with EMS, mutagenic efficiency increased with the increase in concentration 
but decreased at the highest concentration in both the varieties. Among the combination 
treatments of MMS and EMS 0.03% MMS + 0.3% EMS proved to be most efficient in 
both the varieties (Table 16 & 17). 
Mutation rate based on lethality and sterility was highest among the combination 
treatments of EMS and MMS in variety Paaras-9018 and variety Krishna-9001 
respectively (Table 18). However, variety Paaras-9018, showed higher value of 
efficiency for all mutagens as compared to variety Krishna-9001. MMS proved to be 
least efficient for both the criteria used. 
4.2.6: Cytological abnormalities 
A study of PMCs raised from treated seeds in Ma generation indicated that the 
meiosis was disturbed and the abnormalities were more or less similar to Mi generation 
in both the varieties. However, the frequency was low as compared to Mi (Table 19 & 
20). It is evident from the tables that almost ail types of the abnormalities increases with 
an increase in mutagenic treatment in both the varieties with a few exceptions (Graph, 
Fig. 5). 
The most frequent aberrations were univalents, multivalents, stray bivalents, 
precocious separation, laggards, bridges, non disjunction, unequal distribution. In 
addition, other anomalies such as misorientation of bivalents, more then 1 nucleoli. 
50 
stickiness, micronuclei and disturbed polarity were observed in low frequency. The 
combination treatment 40 KR + 0.2% EI\/1S induced maximum frequency of PMCs 
showing melotic abnormalities like univalents, stray bivalent, precocious separation, 
laggards, bridges, non disjunction of chromosomes and micronuclei. 
Multivalents were observed in the form of trivalents or tetravalents at metaphase 
1. The maximum frequency (3.13%) and (2.78%) were observed at 40KR + 0.2% EMS in 
variety Paaras-9018 and at 30 KR + 0.2% EMS In variety Krishna-9001. 
Misorientation of bivalents was observed in some PMCs of treated population. 
The highest frequency of PMCs showing misorientation of bivalents was observed at 40 
KR treatment (1.97% and 1.95%) in variety Paaras-9018 and variety Krishna-9001. 
More than one nucleoli was observed at diakinesis. The highest frequency (1.89%) and 
(1.81%) were observed at 40 KR and 40 KR + 0.2% EMS In variety Paaras-9018 and 
variety Krishna-9001 respectively. 
The maximum frequency of PMCs 1.68% and 0.98 % showing stickiness or 
clumping of chromosomes was observed at 40 KR+ 0.2% EMS in variety Paaras-9018 
and 0.4% EMS in variety Krishna-9001. Unequal distribution of chromosomes was 
observed In some PMCs of treated population. The maximum frequency of PMCs 
(1.97% and 1.99%) showing unequal distribution was observed at 30 KR + 0.2% EMS in 
variety Paaras-9018 and 40 KR + 0.2% EMS in variety Krishna-9001. 
Disturbed polarity was commonly observed at All and T 11 stages of meiosis. The highest 
frequency (1.89% and 0.99%) was observed at 0.03% MMS + 0.3% EMS in variety 
Paaras-9018 and at 50 KR in variety Krishna-9001. 
Perusual of results (Tables 19 & 20) revealed that melotic aberrations increased 
with the increase in dose/concentration of each mutagen but the frequency was less as 
compared to the frequency recorded in Mi generation. Combination treatments of 
51 
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gamma rays and EMS were most effective followed by gamma rays, MMS + EMS, EMS 
and MMS in inducing the maximum frequency of meiotic aberrations in both the 
varieties. Variety Paaras-9018 induced more meiotic aberrations as compared to variety 
Krishna-9001. The value of (k) was less than additive in most of the combination 
treatment. The only exception was 40 kR + 0.2% EMS in variety Paaras-9018 which 
showed synergistic or almost additive effect (k = 1.02) 
4.2.6.1: Chiasma frequency 
Number of PMCs raised from treated as well as untreated (control) plants were 
studied and chiasmata per cell was calculated (Table 21 & 22). Results pertaining to the 
frequency of chiasmata per cell in the treated plants as compared to their respective 
controls clearly indicate that in case of EMS, MMS and combined treatments, the 
frequency of chiasmata per cell decreased with the increase of univalents and rod 
bivalent in each treatment whereas in case of gamma rays in variety Krishna-9001 the 
frequency increased from 20kR-30kR but decreased at higher doses. 
In general, combined treatments of EMS and gamma rays produced highest 
frequency of univalents and multivalents in both the varieties. However, highest 
frequency of rod bivalents 5.37% and 5.48% was observed at 40 kR + 0.2% EMS and 
50 kR in variety Paaras-9018 and variety Krishna-9001. 0.1% EMS showed highest 
frequency of ring bivalents (3.10%) and 0.01% MMS showed highest frequency (2.60%) 
in variety Paaras-9018 and variety Krishna-9001 respectively. The order of potentiality of 
the mutagens to cause reduction in the chiasmata frequency was gamma rays + EMS> 
gamma rays > MMS + EMS > EMS > MMS. 
4.2.7: Quantitative Characters 
The genetic variability induced by the gamma rays, EMS, MMS, and their combination 
treatments were studied on 7 quantitative traits in M2 generation. Each of these 
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characters was quantitatively recorded and statistically analysed to assess the extent of 
induced variation by different mutagenic treatments. Attempts were also made to screen 
micromutation for yield and yield contributing traits through statistical methods of these 
polygenic traits. 
(i) Plant height (cm) 
The data recorded on plant height are presented in the Tables (23 & 24). All 
mutagenic treatments induced large variations in this character. Mean values of plant 
height shifted both in positive and negative direction, the negative shift was pronounced 
at higher dose treatment of EMS, MMS and their combination treatments in both the 
varieties. However, the mean shifted towards negative direction in almost all the 
mutagenic treatments of gamma rays and combination treatment of EMS and gamma 
rays. 
A significant increase in plant height was noticed in 0.01% and 0.02% MMS, 
0.1% EMS and 0.2% EMS and 0.02% MMS + 0.2% EMS in both the varieties. Maximum 
reduction in plant height was noticed in variety Paaras-9018. However, in both the 
varieties 40 KR + 0.2% EMS proved to be most effective in reducing the plant height to a 
greater extent. 
The phenotypic and genotypic coefficients of variation were higher than the 
control in all the treatments. In variety Paaras-9018, the highest PCV (17.59%) and GCV 
(12.62%) were recorded at 0.02% MMS whereas in the variety Krishna-9001, 0.1% EMS 
recorded the highest PCV (15.30%) and GCV (12.62%). However the combination 
treatments of gamma rays and EMS were most effective in inducing maximum variability 
in both the varieties. Among individual treatments, gamma rays in the variety 
Paaras-9018 and EMS in the vahety Krishna-9001 were comparatively more effective in 
this regard. 
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Heritability varied from 19.59% to 42.32% in variety Paaras-9018 and 18.08% to 
50.90% in variety Krishna-9001. In both the varieties, the heritability estimates were 
high in all mutagenic treatments. In case of MMS and EMS, the highest heritability 
(41.50%) and (39.50%) were recorded at 0.03% and 0.3% in variety Krishna-9001. 
Among gamma ray treatments 20 KR recorded the highest heritability (49.70%) in the 
variety Krishna-9001 whereas in combination treatments it was 30 KR + 0.2% EMS 
which induced maximum heritability (50.90%) in variety Krishna-9001. The highest value 
of genetic advance 13.04% (variety Paaras-9018) and 13.53% (variety Krishna-9001) 
were recorded at 0.02% MMS and 0.3% EMS respectively. 
(ii) Number of primary branches per plant 
The data recorded for number of fertile branches per plant and its statistical 
analysis are given in Table 25 & 26. The shift in mean was noted in both the directions. 
However, a critical analysis of the data revealed that mean number of branches per plant 
had increased in most of the mutagenic treatments. A negative shift was observed in 
gamma rays and combination treatments of gamma rays and EMS while EMS, MMS and 
their combination treatments were most effective in increasing the mean branches per 
plant. 
Phenotypic and genotypic coefficients of variation increased in all the treatments with a 
few exceptions. The highest PVC (33.02%) and GCV (30.39%) were observed at 50 kR 
and 20 kR gamma rays treatments in variety Krishna-9001. In general, the maximum 
variability was observed in combination treatments of EMS and gamma rays in both the 
varieties. Heritability and genetic advance were also increased in all the mutagenic 
treatments except 0.04% MMS and 40 kR gamma ray treatment in variety Paaras-9018 
where heritability decreased as compared to control. The highest heritability (59.20%) 
and (63.10%) was recorded at 0.1% EMS in variety Paaras-9018 and 0.2% EMS in 
variety Krishna-9001. 
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Similarly, highest genetic advance (54.89%) and (56,40%) was recorded at 0.2% 
EMS and 30 kR in variety Paaras-9018 and variety Krishna-9001. - - r::.^^^ 
(iii) Number of pods per plant 
The data recorded for pods per plant are presented in Tables 27 & 28. The mean 
shifted in both positive and negative direction. A positive shift was observed in most of 
the treatments of mutagens except the combination treatments of gamma rays and EMS 
in var. Paaras-9018. The highest positive and negative shift were recorded at 0.03% 
MMS and 40 kR + 0.2% EMS in both the varieties. 
GCV and PCV increased in almost all mutagenic treatments as compared to 
control. The highest GCV (8.94%) and (11.31%) was observed at 40 kR +0.2% EMS and 
30 kR + 0.2% EMS in variety Paaras-9018 and variety Krishna-9001 respectively. 
In general, combination treatments of EMS and gamma rays were found most 
effective in inducing maximum variability in both the varieties. 
Heritability and genetic advance were also high in all the mutagenic treatments. 
Maximum heritability (66.80%) and genetic advance (20.08%) were observed at 0.02% 
MMS and 40 kR +0.2% EMS in variety Paaras-9018 and in variety Krishna-9001, 
maximum heritability (75.59%) and genetic advance (18.18%) were observed at 20kR 
and 40kR + 0.2% EMS. 
(iv) Pod length (cm) 
The data on the pod length in both the varieties showed negative shifts in the 
mean values for almost ail mutagenic treatments except the lower concentrations of 
MMS, EMS and combination treatments of EMS and MMS (Tables 29 & 30). Highest 
negative shifts in Pod length (-1.29%) and (-1.85%) was observed at 40 KR + 0.2% EMS 
in both the varieties. 
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Both PCV and GCV increased in tlie mutagenic treatments with a few 
exceptions. Among all the mutagens, the highest GCV (15.40%) and (16.52%) was 
recorded at 40 kR + 0.2% EMS and 0.1% EMS in variety Paaras-9018 and variety 
Krishna -9001, respectively. In general, gamma rays alone and in combination with EMS 
were found more effective in inducing maximum variability in variety Paaras-9018 while 
in variety Krishna-9001, EMS treatments and combination treatments of gamma rays 
and EMS induced maximum variability. 
Heritability and genetic advance were also high in all the treatments except 
0.04%MMS where heritability in var. Paaras-9018 and 0.03% MMS where genetic 
advance in var. Krishna-9001 reduced as compared to the control value. In variety 
Paaras-9018, the maximum heritability (42.14%) and genetic advance (12.76%) were 
observed at 0.1% EMS and 40 kR + 0.2% EMS respectively. Whereas in variety 
Krishna-9001, maximum heritability (42.65%) and genetic advance (12.92%) were 
recorded 30 kR + 0.2% EMS and 40 kR + 0.2% EMS respectively. 
(v) Number of seeds per Pod 
Data recorded on number of seeds per pod are presented in the Tables 31 & 
32.Both positive and negative shifts were observed in the mean values of seeds per pod. 
Among different treatments, MMS proved to be most effective for increasing the 
population means. 
The phenotypic and genotypic coefficient of variation increased in almost all the 
mutagenic treatments. The highest GCV values (10.90%) and (9.33%) and PCV values 
(12.99%) and (11.88%) were recorded at 0.3% EMS in variety Paaras-9018 and 
40kR + 0.2% EMS in variety Krishna-9001. 
In general, heritability and genetic advance increased considerably in all the 
treated population with few exceptions. Among different mutagenic treatments, the 
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highest heritability (59.20%) and (59.37%) was recorded at 0.4% EMS and 0.01% MMS, 
respectively whereas highest genetic advance (19.04%) and (18.26%) was recorded at 
30 kR + 0.2% EMS in both the varieties. 
(vi) 1000 seed weight (g) 
The data recorded for 1000 seed weight revealed that, mean values shifted in 
both positive and negative directions (Tables 33 & 34). The lower and intermediate dose 
treatments of EMS, MMS and their combination treatments significantly increased the 
mean 1000 seed weight. Highest mean value of 1000 seed weight was recorded at 
0.02% MMS in both the varieties. However, there was reduction at higher dose 
treatment of EMS, MMS, gamma rays and combination treatment of EMS and gamma 
rays. 
Both PCV and GCV increased in most of the mutagenic treatments. The highest 
GCV (9.06%) and PCV (12.29%) were recorded at 0.02% MMS in variety Paaras-9018 
whereas, in variety Krishna-9001, the highest GCV (11.65%) and PCV (15.97%) were 
recorded at 30KR + 0.2% EMS and 40KR + 0.2% EMS. In general, both PCV and GCV 
were low in variety Paaras-9018. Heritability was high in all the mutagenic treatments as 
compared to control. The estimated heritability was highest (57.80%) and (68.75%) at 30 
kR + 0.2% EMS and 0.1% EMS in variety Paaras-9018 and variety Krishna-9001, 
respectively. Whereas, the highest genetic advance (23.99%) and (18.93%) was 
recorded at 30kR + 0.2%EMS and 40 kR + 0.2% EMS in variety Paaras-9018 and 
variety Krishna-9001, respectively. 
(vii) Total yield per plant (g) 
Data recorded on total yield per plant are presented in Tables 35 & 36. The mean 
shifted in both the directions in the treated populations. In general, the concentrations of 
EMS, MMS, their combination treatments and gamma rays increased the mean values 
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of total yield per plant in botli the varieties. However, it was reduced in all the treatments 
of gamma rays in combination with EMS except 30 kR + 0.2% EMS treatment in var. 
Krishna-9001. The most effective treatments in inducing the mean value was 0.03% 
MMS in variety Paaras-9018 and 0.02% MMS + 0.2% EMS in variety Krishna-9001. 
Whereas, 40 KR + 0.2% EMS was proved to be most effective in significantly reducing 
the seed yield per plant. 
A considerable amount of variability was induced by the mutagenic treatments. 
Both phenotypic and genotypic coefficient of variation increased in all the mutagenic 
treatments except some treatments of MMS in both the varieties where the value of PCV 
was lower than the control. The highest GCV (12.97%) and (12.15%) was recorded at 
0.03% MMS + 0.3% EMS and 0.2% EMS in variety Paaras-9018 and variety 
Krishna-9001 respectively. However, the maximum variability was induced by 
combination treatments of EMS and gamma rays in both the varieties. 
Heritability and genetic advance were quite high in all the mutagenic treatments. 
Maximum heritability was recorded at 30 KR + 0.2% EMS (70.61%) in variety 
Paaras-9018 and at 40 kR + 0.2% EMS (65.35%) in variety Krishna-9001. Similarly, the 
highest genetic advance (15.63%) and (17.80%) was recorded at 30 kR + 0.2% EMS in 
variety Paaras-9018 and 0.03% MMS + 0.3% EMS in variety Krishna-9001. 
It is concluded that for almost all quantitative traits studied in the present investigation, 
lower and intermediate treatments of all the mutagens showed stimulatory effect 
whereas, higher treatments reduced the mean values. Moreover, combination 
treatments gamma rays and EMS induced maximum genetic variability as compared to 
other mutagenic treatments in both the varieties. 
4.2.8: Morphological Mutations 
The control as well as treated populations of both the varieties of Thgonella 
foenum-graecum were screened carefully for phenotypically detectable mutations 
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(macromutations) at various stages of development in l\/l2 generation. The extended 
variability of wide range of morphological mutations (macromutations) were identified 
and assessed in terms of mutation frequency (Table 37 & 38 and Plates V-XI, Figs.1-
24). The frequency of each mutant type and frequency of total morphological mutations 
induced by EMS, MMS, gamma rays and their combination treatments are given in the 
table 39. 
All the screened macromutations were classified on the basis of affected traits. 
There were differences in the mutation spectrum among different mutagenic treatments. 
However, similarities were also noticed in the spectrum and frequency of a particular 
mutation in both the varieties. An account of various morphological mutants is given 
below. 
1. Mutations affecting plant height/growth habit 
(a) Tall mutants 
These mutants were screened in all the mutagens except combination treatment 
of EMS and gamma rays in both the varieties. MMS treatments induced maximum 
frequency of tall mutants and the mutant were considerably taller in variety Krishna-9001 
as compared to variety Paaras-9018, the frequency of tall mutants was (10.20%) in 
variety Paaras-9018 and (9.65%) in variety Krishna-9001 of the total morphological 
mutations. The branches were increased and pod number was also high as compared to 
the parental variety. 
(i)Paaras-9018-B 
Isolated from 0.2% EMS, this mutant was tall with increased pod size containing 
bold seeds. The mutant was observed to be true breeding to its type in M3. The data on 
quantitative characters of this mutant is shown in the Table 42. 
(b) Dwarf mutants 
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These mutants showed reduction in height in comparison to control as well as tall 
mutants. Some of the dwarf mutants showed profused branching while other 
morphological features remained unchanged. Such plants had shorter internodes and 
usually all the yield components were found to be reduced. These mutants were isolated 
in all the mutagens of both the varieties. The frequency of dwarf mutants remained 
(13.83%) in variety Paaras-9018 and (11.87%) in variety Krishna-9001 of the total 
morphological mutations. However, their frequency was maximum in combination 
treatments of EMS and gamma rays. 
(c) Bushy mutants 
These mutants were isolated in both the varieties and were characterized by 
reduced plant height, condensed internodes and profused branching. Their frequency 
was (14.05%) and (12.47%) of the total viable mutations in the variety Paaras-9018 and 
variety Krishna-9001, respectively. 
(i) Paaras-901B-A 
Isolated from 0.03% MMS, this mutant was normal looking with compactness of 
branches. Leaves were closely placed and pod size containing bold seeds was 
increased. The data on quantitative characters of this mutant that was true breeding to 
its type is shown in Table 42. 
2. Mutations affecting Leaf morphology 
(a) Broad leaved mutants 
Isolated from lower doses/concentrations in both the varieties, these mutants 
were either tall or normal looking plants with increased pod size containing bold seeds. 
The leaves were broad in size as compared to their control. Pollen sterility was 
comparatively low and seed set was normal. The frequency of these mutants was 
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(11.56%) in variety Paaras-9018 and (14.68%) in variety Krishna-9001 of tlie total 
morptiological mutation. 
(i)Paaras-9018-C 
Isolated from 0.02% MMS + 0.2% EMS treatment, this mutant was tall with 
broader leaves and bold seeds and showed the same features in M3. The data on its 
quantitative characters is shown in Table 42. 
(b) Small leaved mutants 
Isolated at higher doses/concentrations of all the mutagens except MMS which 
could not induce these mutations, these mutants were week in growth, leaves were 
small, narrow with pointed tip. Pollen sterility was high resulting into less number of pods 
than control. The frequency of such mutants was (7.48%) in variety Paaras-9018 and 
(8.85%) in variety Krishna-9001 of the total macromutations. 
4. Mutation affecting flower characters 
(a) Double flower mutants 
Isolated from lower and intermediate treatments of all the mutagens, the plant 
were either tall or normal looking with broader and longer leaves. The most 
characteristic feature of these mutants was that two normal flowers were born on a 
common peduncle which developed into two normal pods with bold seeds. The 
frequency of these mutants was (9.52%) in variety Paaras-9018 and (9.06%) in variety 
Krishna-9001, respectively. 
(i) Krishna-9001-A 
Isolated from 0.02% MMS, this mutant was unique in the sense that two normal 
flowers were borne on a common peduncle. It was true breeding to its type in M3. The 
mutant shows luxuriant growth and was associated with increased number of flowers 
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and consequently more pods per plant with bold seeds. The data on quantitative 
characters of this mutant is shown in Table 43. 
5. Mutations affecting yield 
(a) Increased pod size 
Isolated at lower or intermediate dose treatments of all the mutagens, these 
mutants were either tall or dwarf with increased number of pods and seeds per plant. 
Seed were bold, round or flat with bright yellow seed coat. The frequency of these true 
breeding mutants was (7.70%) in variety Paaras-9018 and (8.45%) in variety 
Krishna-9001 of the total morphological mutations, 
(i)Krishna-9001-D 
Isolated from 0.02% MMS + 0.2% EMS, this mutant was showed vigorous 
growth, broad leaves and increased pod size with flat seeds. The mutant was observed 
to be true breeding to its type in M3. The data on its quantitative characters is shown in 
the Table 43. 
(b) Small pod mutants 
Isolated at higher doses/concentrations of all the mutagens except MMS which 
failed to induce such mutations, these mutants were characterized by decrease pod size 
associated with decrease in number of seeds per pod. The percent frequency recorded 
for smaller pod mutant was (6.34%) in variety Paaras-9018 and (5.83%) in variety 
Krishna-9001, respectively. 
5. Mutations affecting seeds 
(a) Bold seeded mutants 
Bold seeded mutants were isolated from all treatments in both the varieties. 
Plants were tall with longer and broader leaves and increased number of pods and 
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seeds per plant. The seeds were bold, smooth and yellow seed coat. The mutant was 
observed to be true breeding to Its type in M3 
The percent frequency of these mutants was (11.79%) and (13.27%) in variety 
Paaras-9018 and variety Krishna-9001 of the total morphological mutations. Such 
mutants were associated with vigourous growth, broad leaves and increased pod size. 
(i) Krishna-9001-B 
True breeding to its type, this mutant was tall with increased leaf size. The seeds 
were bold, smooth and bright yellow in colour. The data on quantitative characters of this 
mutant is shown in Table 43. 
(b) Small seeded mutants 
These mutants were characterized by reduced plant height and delayed 
flowering. The seeds were small and compressed. The frequency of small seeded 
mutants was (7.48%) in variety Paaras-9018 and (5.83%) in variety Krishna-9001 among 
all the viable macromutations. In general, most of the viable morphological mutations 
were isolated from lower and intermediate dose treatments of all the mutagens. 
4.3: Studies in M3 generation 
In both the varieties, two treatments of EMS, MMS and gamma rays and one of 
combination treatments were selected on the basis of yield performance for evaluation in 
M3 generation and the data on different quantitative characters were subjected to 
statistical analysis along with controls. 
4.3.1: Quantitative characters 
1. Plant Height (cm) 
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Data recorded on mean plant height in M^ generation are presented in 
Tables 40 & 41. 
Mean plant height shifted in both positive as well as in negative direction. In 
general, separate and combination treatments of EMS and MMS showed significant 
increase in plant height, the maximum increase was observed at 0.2% EMS in variety 
Paaras-9018 and variety Krishna-9001. The maximum reduction in mean plant height 
was noticed at 30kR + 0.2% EMS and 40 kR in variety Paaras-9018 and variety Krishna-
9001 .The response to different treatments was more or less similar in both varieties. 
Phenotypic and genotypic coefficient of variation remained high in the treated 
population. However, the extent of variability was low as compared to Ma generation, in 
variety Paaras-9018, the highest PCV (9.87%) and GCV (8.51 %) were recorded at 30 
kR + 0.2% EMS, whereas 0.2% EMS recorded highest PCV (12.70%) and GCV 
(10.70%) in variety Krishna-9001. 
Heritability and genetic advance also Increased considerably in all the 
treatments. Maximum heritability (81.63%) and (59.87%) was recorded at 30 kR gamma 
ray treatment in variety Paaras-9018 and variety Krishna-9001, respectively. Whereas, 
30 kR + 0.2% EMS recorded the highest genetic advance in both the varieties. 
2. Number of primary branches per plant 
The data recorded on mean number of branches per plant in M3 generation are 
shown in Tables 40 & 41. 
An Increase in the mean values was observed in most of the mutagenic 
treatments. However, 0.03% MMS and 30 kR gamma ray proved to be most effective in 
increasing the mean number of branches per plant in variety Paaras-9018 and variety 
Krishna-9001. 
64 
The phenotypic as well as genotypic coefficient of variation was high in the 
treated populations as compared to controls. The extent of variability increased further in 
M3 as compared to M2 in almost all the treatments. The highest phenotypic and 
genotypic variability were recorded at 30 kR +0.2% EMS in both the varieties. 
Heritability and genetic advance also increased in most of the treated population 
as compared to control. The value of heritability was more pronounced (68.99%) in 
variety Paaras-9018 and (80.39%) in variety Krishna-9001 at 30kR + 0.2% EMS and 
30kR gamma ray treatment. Similarly the highest genetic advance (54.77%) and 
(51.55%) were recorded at 30kR +0.2% EMS in variety Paaras-9018 and variety 
Krishna-9001, respectively. 
3. Number of pods per plant 
The data recorded on number of pods per plant in treated and control 
populations are given in the Tables 40 & 41. 
The mean pods per plant increased in most of the treatments as compared to 
control. However, 40kR gamma rays and 30 kR + 0.2% EMS gave mean values lesser 
than control in both the varieties. The maximum increase in mean values (4.01%) and 
(3.96%) was recorded at 0.03% MMS treatment in both the varieties. 
The PCV and GCV were increased further in M3 generation as compared to M2 
generation in most of the treatments except 0.03% MMS in variety Krishna-9001, where 
the phenotypic variability was less in M3 as compared to M2. The highest PCV (23.76%) 
and GCV (21.09%) were recorded at 30 kR + 0.2% EMS in variety Krishna-9001. 
The highest heritability estimates (72.42%) and (74.15%) were recorded at 30kR 
in variety Paaras-9018 and 40kR in variety Krishna-9001. The genetic advance also 
showed increase in treated populations as compared to control. The highest genetic 
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advance was recorded at 30 kR + 0.2% EMS (32.37%) and 30 kR (31.56%) in variety 
Paaras-9018 and variety Krishna-9001, respectively. 
4: Pod length (cm) 
The data recorded on pod lengtli in treated and control populations are given in 
Tables 40 & 41. 
The mean pod length shifted on either side of the control mean in both the 
varieties. The most effective treatment for increase in length was 0.03% MMS in variety 
Paaras-9018 and 0.02% MMS + 0.2% EMS in variety Krishna-9001, whereas, the 
highest reduction in pod length was recorded at 30 kR + 0.2% EMS and 40 kR in variety 
Paaras-9018 and variety Krishna-9001. 
The extent of variability was low in M3 as compared to M2 in most of the 
treatments. However, at 40kR gamma ray in variety Krishna-9001, the phenotypic 
variability was more in M3 as compared to M2. The highest PCV was recorded at 30 kR 
gamma ray (11.51%) in variety Paaras-9018 and 0.3% EMS (12.11%) in variety 
Krishna-9001. Similarly highest GCV was recorded at 30 kR (7.17%) in variety 
Paaras-9018 and 0.2% EMS (9.82%) in variety Krishna-9001. 
Maximum heritability was recorded at 30KR + 0.2% EMS (66.68%) in variety 
Paaras-9018 and 0.2% EMS (58.89%) in variety Krishna-9001 whereas, the maximum 
genetic advance was recorded at 30 kR + 0.2% EMS in both varieties. 
5. Number of seeds per pod 
The data recorded on seeds per pod in various mutagenic treatments are 
presented in Tables 40 & 41. 
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Most of the selected treatments showed significant improvement in number of seeds per 
pod in both the varieties. The mean seeds per pod increased further in M3 than in the M2 
generation. The maximum increase was noticed at 0.03% MIVIS in both varieties. 
The highest PCV (18.94%) and (12.36%) were recorded at 30 l<R + 0.2% EMS in 
variety Paaras-9018 and variety Krishna-9001, respectively. Similarly the highest GCV 
(13.26%) and (9.95%) were also recorded at 30 KR + 0.2% EMS in both the varieties. 
Heritability and genetic advance were also quite high as compared to control in 
almost all the treated populations. The highest heritability estimates for seeds per pod 
(64.36% and 60.23%) at 0.2% EMS and 40KR in variety Paaras-9018 and variety 
Krishna-9001 whereas highest genetic advance (21.50% and 21.95%) were recorded at 
40 kR in variety Paaras-9018 and 30 kR in variety Krishna-9001 respectively. 
6.1000 seed weight (g) 
The data recorded for 1000 seed weight are presented in the Tables 40 & 41.The 
mean 1000 seed weight showed improvement over the control in almost all the selected 
treatments with a few exceptions. The most effective treatments in increasing the mean 
values were 0.02% MMS in both the varieties. 
All the genetic parameters were quite high in most of the treated populations as 
compared to control. The highest GCV (15.97%) was recorded at 30 kR + 0.2% EMS in 
variety Paaras-9018 whereas in variety Krishna-9001, 0.2% EMS recorded highest GCV 
(19.92%). Heritability and genetic advance also increased further in most of the treated 
population as compared to control. 
The maximum heritability (80.57% and 79.40%) were recorded at 30 kR + 0.2% EMS in 
variety Paaras-9018 and variety Krishna-9001, respectively. Whereas, the highest 
genetic advance (34.16% and 34.56%) were recorded at 30 kR and 30 kR + 0.2% EMS 
in variety Paaras-9018 and variety Krishna-9001. 
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7. Total yield per plant (g) 
The data recorded on total yield per plant are presented in tables 40 & 
41.Significant increase in the mean plant yield was observed in most of the selected 
treatments in both the varieties. The most effective treatments in this regard were 0.03% 
MMS in variety Paaras-9018 and 0.02% MMS + 0.2% EMS in variety Krishna-9001, 
The phenotypic and genotypic coefficient of variation increased over control in all 
the treatments in both the varieties except 0.02% MMS and 0.03% MMS in variety 
Paaras-9018 and variety Krishna-9001 where phenotypic variability was lower then the 
control. The highest PCV (27.80%) and (26.85%) and GCV (12.49%) and 12.64% were 
recorded at 30 kR + 0.2% EMS in variety Paaras-9018 and variety Krishna-9001, 
respectively. In general, combination treatment of EMS and gamma ray proved to be 
most effective in inducing maximum variability. 
The heritability estimates increased in all the treatments in both the varieties 
indicating that the significant gains could be expected from selections. The highest 
heritability values were recorded at 30kR and 40kR gamma ray treatments (61.17% and 
64.46%) in variety Paaras-9018 and variety Krishna-9001, respectively. Similarly, the 
highest genetic advance were recorded at 30 kR and 30 kR + 0.2% EMS (21.15% 
and 23.45%) in variety Paaras-9018 and variety Krishna-9001. In general, combination 
treatment of gamma ray and EMS induced maximum variability for most of the polygenic 
traits. 
4.4 Screening of high yielding mutants 
Some high yielding plants which were distinctly superior to others with respect to 
seed yield per plant were selected from M2 generation and grown for M3 generation. 
Some of these mutants were morphologically quite distinct while the others were more or 
less similar to their respective control. These were also statistically evaluated for seed 
68 
yield and other characters. The description of these mutants isolated on the basis of 
their yield performance in M3 generation as compared to their parents are given in 
Table 44. 
All these mutants isolated for a higher plant yield have also shown higher values 
for all the yield contributing traits viz. branches per plant, pods per plant and 1000 seed 
v\/eight as compared to control with a few exceptions. 
The data on mean values, shift in mean, coefficient of variation of various mutants and 
their parents in M3 generation are recorded in Tables 42 & 43. Mean plant height of 
different mutants showed both positive and negative shift. Maximum plant height was 
recorded in variety Paaras-9018 (0.2% EMS) and Variety Krishna-9001 (0.02% 
MMS + 0.2% EMS) whereas, the minimum plant height was recorded in variety Paaras-
9018 (0.03% MMS) and variety Krishna-9001 (30 kR + 0.2% EMS). Mean number of 
branches per plant increases in all mutant lines of variety Paaras-9001 However, 
maximum increase in mean number of branches per plant was observed in variety 
Paaras-9018 (0.03% MMS) and variety Krishna-9001 (0.02 % MMS). The mean number 
of pods per plant increased in almost all mutant lines. Maximum increase was observed 
at 0.03% MMS and 0.2% EMS in variety Paaras-9018 and variety Krishna-9001, 
respectively. Pod length increased in all mutant lines of variety Paaras-9018 whereas in 
variety Krishna-9001 it did not show any improvement except 0.02% MMS where 
increase in mean pod length was observed. Maximum number of seeds per pod were 
recorded at 0.03% MMS in variety Paaras-9018 and 0.3% EMS in variety Krishna-9001. 
1000 seed weight (g) increased in almost all mutant lines. Variety Paaras-9018 (0.2% 
EMS) and variety Krishna-9001 (0.02% MMS) were proved to be most effective in 
increasing the 1000 seed weight. 
Similarly selections from M2 generation for higher mean yield in M3 generation 
gave 2.30g in variety Paaras-9018 (0.03% MMS) followed by 2.16g (0.2% EMS), 1.90g 
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(0.02% MMS + 0.2% EMS) and 1.79g in (30 KR gamma ray). Similarly in variety 
Krishna-9001, the highest plant yield was recorded as 2.54g in (0.02% MMS) followed 
by 2.46g in (0.03% MMS), 2 gm in (0.3% EMS) and 1.73gm in (30 KR + 0.2% EMS). The 
only exception was 0.02% MMS + 0.2% EMS where the plant yield decreased as 
compared to their respective control. Mean number of branches per plant, pods per plant 
and 1000 seed weight (g) played significant role in increasing the average plant yield of 
all the mutant lines. (Table 44). 
Coefficient of variation for the total plant yield was also high in almost all 
these mutants as compared to the control. 
4.5: Seed protein Content (%) 
Trigonella is an important legume as well as spice crop and is also used for its 
protein value. Since the knowledge of the protein content is important parameter in the 
selection of cultivars for large scale cultivation attempts were made to evaluate the crude 
protein content in variety Paaras-9018 and variety Krishna-9001 of Trigonella and the 
extent of induced variability was assessed in selected treatments along with controls in 
M3 generation. The data on protein content is present in Table 45. 
Wide range of variability for protein content was induced in most of the 
treatments of both the varieties. Maximum increase in protein content was recorded at 
0.02 % MMS (23.60%) in variety Krishna-9001 followed by 0.03% MMS (23.43%) in 
variety Paaras-9018, in general, MMS was most effective in increasing the seed protein 
content while gamma rays in var. Paaras-9018 and combination treatment of EMS and 
gamma rays in var. Krishna-9001 were most effective in reducing the seed protein 
content (Figs.Sa, b). Maximum increase in protein content was observed in the variety 
Krishna-9001 whereas, var. Paaras-9018 showed maximum reduction in protein content 
thus proving to be more sensitive then var. Krishna-9001 in reducing the seed protein 
content. Besides, similar treatment may increase protein content in one variety and 
decrease it in other variety was also noted. 
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• Control 
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• 0 02% MMS + 0 2% EMS 
• 30 KR Gamma ray 
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(b) Var. Krishna - 9001 
•Control 
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Fig. 6 (a, b): Seed protein content in selected treatments of M3 generation 
in fenugreek {Trigonella foenum-graecum L.) 
PLATE - 1 
EXPLANATION OF FIGURES 
Figs. 1-35 (all x1000); Different types of meiotic aberrations induced by MMS, EMS, 
gamma rays and their combination treatments in Tn'gonella 
foenum-graecum L. var.Paaras-9018 and var. Krishna-9001. 
Fig. 1 PMC showing 8 perfect bivalents at metaphase I (control). 
Fig. 2 PMC showing segregation of 8 chromosomes towards each pole at 
early anaphase-l (control). 
Fig. 3 PMC showing segregation of 8 chromosomes towards each pole at 
late anaphase-1 (control). 
Fig. 4 PMC showing separation of chromosomes in 4 groups at early anaphase-
II (control). 
Fig. 5 PMC showing separation of chromosomes in 4 groups at late anaphase-
II (control). 
Fig. 6 PMC showing formation of daughter nuclei at telophase-ll (control). 
Fig. 7 PMC showing 2 nucleoli at diakinesis. 
Fig. 8 PMC showing 4' and 6" at metaphase-l. 
Fig. 9 PMC showing 2' and 7" at metaphase-l. 
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Plate-II 
PLATE-III 
EXPLANATION OF FIGURES 
Fig. 19 PMC showing spindle disturbance at anaphase-!. 
Fig. 20 PIVIC showing misorientation at metaphase-i. 
Fig. 21 PIVIC showing stickiness at metaphase-l. 
Fig. 22 PMC showing bivalents in two rows at metaphase-l. 
Fig. 23 PMC showing lagging chromosome at anaphase-l. 
Fig. 24 PMC showing 2 lagging chromosomes at early anaphase-ll. 
Fig. 25 PMC showing 2 lagging chromosomes at late anaphase-il. 
Fig. 26 PMC showing bridge formation at early anaphase-ll. 
Fig. 27 PMC showing bridge formation and disturbed polarity at anaphase-ll. 
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PLATE-V 
EXPLANATION OF FIGURES 
Fig. 1-24: Morphological features of mutants isolated in M2 and M3 generation 
in Trigonella foenum-graecum L. var. Paaras 9018 and var. Krishna-9001. 
(Left-control) 
Fig. 1 Small leaf mutant of var. Krishna-9001 isolated in 30I<R +0 2% EMS. 
Fig. 2 Broad leaf mutant of var. Paaras-9018 isolated in 0.02% MMS treatment. 
Fig. 3 Broad leaf mutant and small leaf mutant of Paaras-9018 in 0.02% 
MMS and 401<R +0.2% EMS. 
Plate-V 
PLATE-VI 
EXPLANATION OF FIGURES 
Fig. 4 Tall mutant of var. Paaras-9018 isolated in 0.01% MMS treatment 
as compared to control (L). 
Fig. 5 Tall and high yielding mutant of var. Krishna-9001 isolated in 0.2% 
EMS treatment as compared to control (L). 
Fig. 6 Tall mutant of var. Krishna-9001 and double pod mutant of var.Paaras-
9018 isolated in 0.01% MMS and 0.2%+0.02% MMS treatment. 
Plate-VI 
PLATE- VII 
EXPLANATION OF FIGURES 
Figs.7 & 8 Bushy mutant and its seeds of var. Paaras-9018 isolated in 0.2% 
EMS, Control{L). 
Figs.9 &10 Bushy mutant and its seeds of var. Krishna-9001 isolated in 0.2% EMS, 
Control(L). 
Figs.11&12 Chlorophyll mutant and its leaf of var. Krishna-9001 isolated in 0.3% EMS. 
Plate-VII 
PLATE-VIII 
EXPLANATION OF FIGURES 
Fig. 13 Var. Paaras-9018 showing single flower (Control). 
Fig. 14 Mutant siiowing double flower in var. Paaras-9018 isolated in 0.1% EMS. 
Fig. 15 Var. Paaras-9018 showing single pod (Control). 
Plate-VIII 
PLATE- IX 
EXPLANATION OF FIGURES 
Fig. 16 Mutant showing double pod in var.Paaras-9018 isolated in 0.1% EMS. 
Fig. 17 Branch showing single pod (control) and double pod in var. Krishna-
9001 (Right). 
Fig. 18 Dwarf mutant in var. Paaras-9018 isolated in 40kR+0.2% EMS. 
Plate-IX 
PLATE-X 
EXPLANATION OF FIGURES 
(Left- Control) 
Fig. 19 Small poded mutant in var.Paaras-9018 isolated in 50KR gamma ray 
(Right) 
Fig. 20 Mutant sliowing increase in pod length in var.Paaras-9018 isolated in 
0.4% EMS. 
Fig. 21 Small seeded mutant of var.Krishna-9001 isolated in 40I<R + 0.2% EMS. 
Plate-X 
PLATE-XI 
EXPLANATION OF FIGURES 
(Left-control) 
Fig 22 Mutant showing flat seeds of var.Krishna-9001 isolated in 0 3%+0.03% 
MMS. 
Fig 23 Bold seeded mutant of var.Paaras-9018 isolated in 0.1% EMS. 
Fig. 24 Bold seeded mutant of var.Krishna-9001 isolated in 0.1% EMS. 
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DISCUSSION 
Induction of mutation tlirough physical and chemical mutagenic agents is the 
simplest and fastest way to isolate mutants of agronomic and economic significance. 
These agents cause genes to mutate at rate above the spontaneous baseline, thus 
producing a range of novel traits. But .before any mutagen is selected for extensive 
usage, a preliminary screening of the effects of potential mutagens has to be done. The 
greater mutagenic potential of a mutagen can be judged by the percentage of 
abnormalities it induces. 
In recent years, the role of mutation breeding in increasing the variability for 
quantitative characters has been proved beyond doubt (Mehetree et al., 1990; Karpate 
and Chaudhary, 1997; Tickoo and Chandra, 1999; Waghmare and Mehra,2000). T h ^ 
combination treatments of physical and chemical mutagens have been reported to 
induce more variability as compared to individual physical mutagens (Singh and 
Chaturvedi, 1982; Solanki and Sharma, 1999; Singh ef a/.,2000). 
Although physical mutagens or ionizing radiations still remain the most employed 
tools of inducing mutations,a number of chemicals have been found to be equally and 
even more potent in their mutagenic effects.Combinations of different mutagens, if their 
mutation induction process is independent and capable of interaction, increase mutation 
frequency and alter the mutation spectrum. 
An important concept of mutation breeding programmes is increasing variability 
for yield and its contributing characters. In legumes, the available natural variability 
is not rich therefore,mutagenesis has proved to enhance the natural mutation rate 
thereby enlarging the genetic variability and increasing the scope for desired selections. 
Numerous mutant varieties through induced mutation have developed bringing 
significant economic impact, sustaining crop production and greatly contributing to 
increase of food production. According to IAEA, Mutant varieties database (2004), more 
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than 2300 new crop vaneties, all carrying novel induced vanation.have been officially 
registered 
In the present investigation,individual treatments of gamma rays,EMS,MMS and 
their combination treatments were used for creating genetic vanability in the vanety 
Paaras-9018 and vanety Knshna-9001 of Tngonella foenum-graecum L Their effect was 
assessed through different biological parameters such as seed germination, plant 
survival, pollen fertility meiotic aberrations and various quantitative characters in the 
population emerging from the treated as well as control seeds The results obtained were 
analytically assessed and evaluated in different generations 
Seed germination plant survival and pollen fertility in the present study 
decreased with an increase in the mutagenic treatments showing greater sensitivity 
at higher mutagenic level The probable causes responsible for higher lethality at 
higher doses or duration of treatments could be inhibitory effects of the mutagens, 
disturbances of balance between promoters and inhibitors and disturbances in 
genetical and physiological processes Dose dependent reduction in biological 
parameters have also been reported by other workers (Reddy and Aloka Saikia, 1992, 
Pushpalatha et al ,1992 , Kumar and Dubey, 1998a) 
Reduction in germination with increase in mutagenic treatments has been 
attributed to delay or inhibition of physiological and biological processes by enzyme 
activity (Kurobane et a/ ,1979), hormonal imbalance (Chrispeels and Varner, 1976) and 
inhibition of mitotic process (Ananthaswamy et al ,1971) It appears that chemical 
mutagens interfere with the synthesis of enzymes and also accelerated the degradation 
of existing enzymes involved in the formation of auxins thus reducing the germination of 
seeds It is suggested that the reduction in the germination percentage could be 
due to weakening and disturbances of growth processes 
Decrease in survival percentage with an increase in mutagenic treatments has 
been reported in Lathyrus sativus (Kumar and Dubey, 1998a) ,Trigonella foenum-
graecum (Raghuvanshi and Singh, 1974) ,Lycopersicon esculentum (Jayabalan and 
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Rao, 1987) It could be due to cytogenetic damage or physiological disturbances or 
production of toxic intermediate substances in metabolic pathways due to blockage or 
mutation 
Pollen stenlity was found to increase with an increase in dose/ treatment Many 
plants with very high pollen sterility were recorded at higher dose treatments It is 
suggested that failure of homologous painng during meiosis could be the reason of high 
pollen stenlity Ramesh and Reddi (2002) suggested that mutagen induced pollen 
sterility could be chromosomal, genic or physiological in nature while Sharma and 
Kumar (2004) attributed it mainly due to chromosomal aberrations 
The vanety Paaras-9018 comparatively showed more biological damage than 
variety Krishna-9001, showing greater mutagenic sensitivity Similar vanetal differences 
with respect to mutagen sensitivity has been reported in black gram (Khan 1999), 
Tnticale (Edwin and Reddy,1993) , Phaseolus vulgaris (Al-Rubeai and Godward,1981) It 
appears that even a single gene difference may induce significant changes in 
radiosensitivity The mechanism controlling sensitivity to chemical mutagens and 
x-rays have been reported to be different from those determining sensitivity to gamma 
rays( Sokolov and Balchunene, 1977 ) 
Studies on the biological parameters viz , germination, survival and stenlity 
revealed the supenonty of gamma rays over individual and combination treatments of 
MMS and EMS However.combination treatments of EMS and gamma rays, in general, 
was most effective among all the treatments in bnnging about adverse effects on 
biological parameters Greater effectiveness of combination treatments was also reported 
in blackgram (Bhamburkar and Bhalla, 1985) Cajanus ca/an (Chary and Bhalla, 1988) 
Cicer arietinum (Sharma and Kumar, 2004) 
Physical and chemical mutagens produce synergistic or antagonistic effects 
when they are used in combination Synergism among two mutagens is firstly because 
of first mutagen treatment making accessible otherwise non-available sites for reaction 
to the second mutagen and secondly pre-mutational lesions induced by the first mutagen 
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becomes fixed due to an inhibitory effect of the second mutagen on repair enzyme 
(Sharma,1972, Payez and Deering, 1972) Synergistic effects of mutagens have been 
earlier reported in urd and mungbean (Ignacimuthu and Babu,1989) Catharanthus 
roseus ( Venkateshwarlu e^  a/ ,1988 ) Vigna mungu ( Gautam et a l , 1992) 
In the present study, the interaction coefficient (k) of combination treatments was 
determined for vanous biological parameters to see the extent of damage caused when 
physical and chemical mutagens are used in combination Less than additive effect was 
observed for most of the combination treatments Similar results have been reported by 
Bhatnagar (1984) in chickpea and Bhalla (1985) in blackgram 
Less than additive effects observed in the present investigation shows less 
biological damage at these treatments Hence, it is inferred that there is a wider scope of 
increasing mutation frequency by using these treatments 
To estimate the effect of a mutagen and the radiosensitivity of a species,the 
degree of cytological aberrations is regarded as one of the dependable critena by 
several workers (Golubovskaya and Sitnikova 1980 , Erncao ef a/, 1984, Akhaury and 
Sinha, 1994 Anis and Abbasi, 2000) 
A number of chromosomal abnormalities were recorded in the plants raised from 
seeds treated with varying cone / doses of MMS EMS, gamma rays and their 
combination treatments The abnormalities increased with an increase in the dose/cone 
of the mutagens Similar results have been reported by Anis and Warn (1997) in 
Trigonella foenum-graecum L , Verma ef al (1999) in Lens cu//nans , Zeerak (1992) in 
Lycopersicon esculentum , Dhamyanthi and Reddy (2000) in Capsicum annuum 
Although, the spectrum of abnormalities were more or less the same for all the 
treatments there was difference in the frequency of specific anomalies However, the 
frequency of aberrations were comparatively more in vanety Paaras-9018 as compared 
to variety Krishna-9001 indicating its greater sensitivity to the mutagens Intervanetal 
differences in the radiosensitivity has been reported by many workers These differences 
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were attributed to differences in cell, nuclear and chromosome volumes and also due 
to presence of protective or sensitizing substances ( Ahmad and Godward, 1981) 
Univalent, multivalent and precocious separation were the most common 
observation at metaphase Similar observations have been made in Vicia faba (Akhaury 
and Sinha, 1994) and Vtgna (Ignacimuthu and Babu, 1989) The formation of univalents 
can be attributed to the mutagen induced structural changes in chromosomes and gene 
mutations responsible for the failure of painng among homologous chromosomes 
(Sharma and Kumar, 2004) Rao and Laxmt (1960) reported (hat the formatfon of 
univalents results due to partial or complete lack of painng between homologous 
chromosomes According to Snvastava et al (2004) univalents onginate due to early 
disjunction in some of the partially homologous chromosomes and are later found as 
laggards at anaphase and telophase stages Occurence of trivalents, tetravalents and 
multivalents in the present investigation demonstrated that mutagenesis has resulted in 
structural alterations leading to rearrangement of chromosomes (Singh and Sareen, 
1999) According to Zeerak (1992) , multivalent formation can be attnbuted to 
irregular pairing and breakage followed by translocation and inversions The 
alteration in the chromosome associations composed of univalent, tnvalent, tetravalent 
and multivalents are possibly the outcome of non or irregular painng of chromosomes 
due to translocations Similar results have been reported by Anis and Warn (1997) in 
Trigonella foenum-graecum , Verma et al ('1999) in Lens culinans and Katiyar (1978) in 
Capsicum annuum 
Precocious movement of chromosomes at metaphase might be due to 
inactivation of spindle mechanism (Kumar et al ,2003) Spindle disjunction may result 
in precocious separation of one or more bivalents Mis-onentation of bivalents and 
stray bivalents at metaphase can be attributed to severe disturbance in spindle 
mechanism (Minija et al ,1999) In some cases, the spindle formation mechanism 
failed completely and as a result all the chromosomes are found to be scattered 
throughout the spindle Similar results were also reported by Kumar and Dubey (1998b) 
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More than one nucleolus was observed at prophase stage. Such condition has 
also been reported in lentil (Ahmad, 1993 and Malaviya ef a/.,2000). It is assumed that 
the activity of one or more than one pair of chromosomes is involved in the formation of 
more than one nucleolus. Such nucleolar variations has been observed in Lolium and 
Allium cepa (Ved Brat and Dhingra,1973).ln Lolium,temperature was responsible for 
the activation of the non-nucleolar chromosomes to form extra nucleoli while in 
Allium, activity of the nucleolar genes was responsible for such variation. 
Bivalents were found in different groups or clumped into a single group due to 
stickiness. Similar results have been reported by Abbasi and Anis (2002) in Trigonella 
foenum-graecum. Stickiness could be due to depolymerization of nucleic acid caused by 
mutagenic treatment or due to partial dissociation of the nucleoproteins and alterations 
in their pattern of organization. 
Other major abnormalities at anaphase and telophase were laggards.bridges and 
unequal distribution. Laggard at anaphase can be attributed to the delayed 
terminalization or to stickiness of chromosome ends ( Kumar and Kesarwani, 2003). 
Soheir ef a/. 1989 reported that laggards results due to delayed terminalization,stickiness 
of chromosome ends or by failure of chromosomal movement. Schuiz and Shaeffer 
(1980) suggested that lagging chromosomes and their presence as univalents may 
result in aneuploidy. 
Bridge formation observed at anaphase-l can be attributed to the failure of 
chiasmata in a bivalent to terminalize and the chromosomes get stretched between the 
poles. According to Sinha and Godward (1972b), the presence of a bridges with or 
without fragments both at anaphase-l and II could be due to paracentric inversions. 
The presence of chromatin bridges without fragments is due to the restitution or the 
fragments getting entangled or attached with normal chromatids of chromosomes (Tarar 
and Dnyansagar, 1980). 
Movement of bivalents towards the pole at anaphase due to non-disjunction of 
homologous chromosomes at metaphase as observed during the meiotic stages was 
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due to the stickiness of chromosomes and could result in unequal distribution of 
chromosomes in the daughter nuclei (Anis and Wani,1997). Unequal separation of 
chromosomes lead to the production of aneupioid gamete.Such plants ( aneuploids) are 
of immense importance in fundamental as well as applied research in crop 
improvements. 
Micronuclei generally arise from fragments and lagging chromosomes 
which failed to reach the poles and get included in the daughter nuclei (Kumar and 
Dubey, 1998b). Laxmi et a/.(1975) suggested that irregular distribution of acentric 
fragments or laggards result in the formation of micronuclei at telophase resulting 
in variation in number and size of pollen grains obtained from the pollen mother cell. 
Disturbed polarity at anaphase and telophase stage could be due to spindle 
disturbance. Disturbed polarity was also reported by Sharma and K|jrrtaf/iaop4) iru 
chickpea. i / ^ ^ - H o v \ 
It has been a general trend that gamma rays are more effective-than chemical • :\^  
i ^^- • •••-) 
mutagens in causing chromosomal abnormalities. However, iriMhe'present study, thjB,-'/ 
frequency of aberrations was greater in the combination treatments ofEMS and gamma 
rays as compared to other treatments. It is therefore concluded that EMS too is able to 
induce sufficient amount of meiotic anomalies. 
For most of the combination treatments, the coefficient of interaction (k) was less 
then additive however, additive or synergistic effect was obtained at 40 kR + 0.2% EMS 
in var. Paaras-9018. Similar result has been reported by Sharma et al. (2004) in 
chickpea. Less than additive effect for chromosomal abnormalities was reported by 
Sharma (1970) and Khalatkar and Bhatia (1975)in barley and for mitotic index by 
Bhamburkar and Bhalla (1985) in blackgram. 
In the present investigation, a dose dependent decrease in the chiasma 
frequency was observed in various treatments. The average frequency of chiasmata per 
cell decrease with an increase in univalents and rod bivalents in each treatment. The 
reduction in chiasma frequency can be attributed to an increase in rod bivalents and 
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univalents (Anis and Sharma, 2000) Similar observations were reported by Bennett and 
Rees(1970) in rye.Umarao (1974)in De/p/7;n/t;m,Sadanandam and Subhash (1984) in 
Capsicum 
It seems more likely that mutagenic treatments induced univalent formation 
through cryptic structural changes in some of the chromosomes which restncted painng 
and in this way reduce chiasma frequency Reduction in chromosome painng has also 
been attributed to mutations in the genes governing homologous chromosome pairing 
and/or chromosomal structural changes (Achana and Sinha,1975 and Reddy et 
a/, 1991) 
Chiasma frequency as influenced by each of the mutagen, exhibited marked 
differences among the mutagens However there was a reduction in chiasma frequency 
at all treatment doses The reduction was greater in gamma rays as compared to 
individual and combined treatments of MMS and EMS whereas the combination 
treatments of EMS and gamma rays were most effective as compared to other 
treatments in reducing the chiasma frequency 
Reduction in chiasma frequency can be attnbuted to the nature and potency of 
mutagens and to the underlying factors such as complex structural change or to the 
nature of genes responsible for chiasma formation During mutagenic treatment,decrease 
in chiasma frequency may be at two mam radiosensitive stages namely DNA synthesis 
and at or slightly before chismata formation Many factors such as temperature,season, 
age,amount and position of heterocromatin on the chromosomes affect recombination 
and therefore chiasmata DNA and certain proteins have a specific role in chiasma 
formation (Venora et al 1995) 
A comparison of the chiasma frequency in both the vaneties revealed that the 
variety Paaras-9018 recorded maximum reduction in frequency than the vanety 
Knshna-9001 indicating its greater sensitivity and response to physical and chemical 
mutagens Variation in chiasma frequency between the two vaneties might be due to the 
differences in the frequencies of nng and rod bivaients in them Redmann and 
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Borgaonkar (1996) in some members of Hordeae reported open bivalent formation to be 
responsible for vanation in chiasma frequency per bivalent The low rate of chiasma 
frequency in a variety can be attributed to a comparatively lower recombinational value 
of genes in them ( Haque, 1983) Varietal sensitivity has also been reported in Sorg/?um 
(Ramulu,1971), Arachis hypogea ( Venkatachalam and Jayabalan,1995) 
The degree of fertility depends directly on the number of chiasmata and hence, 
studies on the pairing of homologous chromosomes and chiasmata frequency are 
helpful in understanding the fertility of a species or variety 
Induction of chlorophyll mutation is considered as a measure to assess the 
effectiveness of various mutagens It is also a useful index for the evaluation of genetic 
effects of mutagenic treatments Although the chlorophyll mutations do not have any 
economic value due to their lethal nature, such study could be useful in identifying the 
threshold dose of mutagens that would increase the genetic vanability and number of 
economically useful mutants in the segregating generations Blixt (1972) indicated that 
different agents induce different spectra however, the difference is quantitative rather 
than qualitative 
In the present investigation, four different types of chlorophyll mutants were 
isolated viz , albina, xantha, chlonna and maculata in both the varieties However, in 
variety Paaras-9018, the frequency of xantha type was largest followed by chlonna, 
maculate and albina whereas in vanety Knshna-9001 xantha was next largest to chlonna 
followed by maculata and albina Difference in mutation spectrum was also reported by 
Sharma and Sharma (1981), Rao et al (1983) 
Chlorophyll development seems to be controlled by many genes located on 
several chromosomes which could be adjacent to centromere and proximal segment of 
chromosomes (Swaminathan 1965) Based on the extent of chlorophyll mutation 
frequency and spectrum vanety Paaras-9018 was found to be more sensitive as 
compared to variety Knshna-9001, indicating its greater sensitivity and response to 
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physical and chemical mutagens Similar vanetal sensitivity has been reported in 
urdbean (Singh etal ,1999), chickpea (Kharakwal, 1998b) 
The chlorophyll mutation frequency, increased with the increase in dose of the 
chemical mutagens whereas a slight decrease in mutation frequency was observed at 
higher treatments of gamma rays alone and in combination with EMS However, the 
frequency of chlorophyll mutation was highest in combination treatment of MMS and 
EMS in both the vaneties It seems that srong mutagens reach their saturation point even 
at tower doses frt the highly mutable genotypes and further rncrease in dose does not 
add to the mutation frequency Similar results have been reported by Nadaranjan et al 
(1982) in Cajanus cajan , Kharakwal (1998a) in chickpea , Mitra and Bhowmik(1999) 
in Nigella sativa L 
Although less than additive effects were obtained for the combination treatments 
of EMS and gamma rays, additive or synergistic effects for chlorophyll mutation were 
obtained in the combination treatments of EMS and MMS in the variety Paaras-9018 and 
Knshna-9001 respectively It may be inferred that if two mutagens compete for the same 
site,the effects are completely independent of each other It could either be additive or 
less than additive Synergistic effects of combined treatments have been attnbuted by 
Sharma (1972) and Payez and Deenng (1972) to either (i) the first mutagen treatment 
makes accessible otherwise non available sites for reaction to the second mutagen, and 
(ii) premutational lesions induced by the first mutagen become fixed due to an inhibitory 
effect of the second mutagen on repair enzymes Both these pathways should yield a 
frequency of mutations higher than the total of two mutagens 
The usefulness of a mutagen depends on its effectiveness and efficiency 
Mutagenic effectiveness is a measure of the frequency of mutations induced by a unit 
dose of mutagen while mutagenic efficiency is the measure of the proportion of 
mutations in relation to other associated undesirable biological effects such as lethality 
and sterility induced by the mutagen (Gautam and Richarna, 1992) Hence, 
knowledge of mutagenic effectiveness and efficiency is essential to identify the 
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range of useful mutagens and dose/ concentrations, for genetic improvement of a crop 
through mutation breeding. 
The effectiveness of MMS and EMS initially decreased but increased at highest 
concentration in both the varieties.However, the maximum concentration of MMS(0.04%) 
showed more effectiveness than highest concentration (0.4%) of EMS whereas in case 
of gamma rays and combination treatments, the effectiveness decreased with increasing 
dose of mutagens, thus proving lower and intermediate dose treatments to be most 
effective in inducing mutations. The decrease in effectiveness at higher treatments may 
be attributed to the failure in proportionate increase of mutation frequency with increase 
in dose/ concentration of mutagens. Similar results were obtainted by Gupta and Yashvir 
(1975) in Setaria /te//ca, Nerkar (1977) m Lathyrus sativus and Singh and Chaturvedi 
(1980) in Vigna radiata. 
In general, MMS was most effective in both the varieties on the basis of the 
mutations induced by each dose / concentration of the mutagens. Kharakwal 
(1998b) reported that alkylating agents are more effective than the physical mutagens in 
inducing mutations. The greater effectiveness of chemical mutagens has also been 
reported by Sharma and Sharma (1981) in lentil, Kumar and Dubey (1994) in Brassica, 
Geetha and Vidyanathan (1997) in Soybean. 
Mutagenic efficiency calculated on the basis of both percentage pollen sterility 
and lethality shows a gradual increase in efficiency with an increase in the mutagenic 
doses whereas it decreased at highest treatments of gamma rays alone and in 
combination with EMS. In general, efficiency was highest in combination treatments of 
MMS and EMS in both the varieties indicating their greater efficiency as compared to 
other treatments.lt is , therefore, concluded that MMS was most effective than other 
treatments whereas combination treatments of MMS and EMS was most efficient in the 
present study.The greater effectiveness of chemical mutagens over the physical ones 
has also been reported by many workers (Geetha and Vaidyanathan, 1977; Thakur and 
Sethi, 1995) 
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Mutation rate based on lethality (Mf/L) and sterility (Mf/S) showed differential 
response of varieties. This way variety Paaras-9018 showed greater mutagenic 
response as compared to variety Krishna-9001. Similar differences in mutagenic 
response has also been reported by Aleksieva and Nikolov(1991); Dhole (1999); 
Kharakwal(1998a). 
In addition to chlorophyll mutants, several morphological (macro) mutants 
exhibiting changes in morphological features such as plant height, branching, leaf 
characteristics,flower,maturity and seed size were isolated in the M2 population. All these 
mutants were confirmed to be true breeding in M3 generation. Induction of morphological 
mutants through physical and chemical mutagens have been reported earlier in 
Trigonella by (Raghuvanshi and Singh, 1974; Katyani et al., 1980; Laxmi and 
Gupta, 1983;Jain and Aggarwal,1988; Jain and Purohit,1988; Jain and Agarwal,1993). 
The most striking mutants in the present investigation were tall, dwarf, broad leaf, 
double flower, bushy and bold seeded mutants. The frequency of these mutants differed 
in different mutagenic treatments and also among the varieties. Combination treatments 
in variety Paaras-9018 and combination treatments of EMS and gamma rays in variety 
Krishna-9001 induced maximum frequency of morphological mutations followed by 
gamma rays which were more effective than chemical mutagens in inducing 
macromutation. In general, maximum frequency of morphological mutations was 
induced at lower and intermediate doses/ treatments of the mutagens. Different 
mutagens and treatment procedures change the relative proportion of different 
mutation types. The macromutations are due to chromosomal aberrations, small 
deficiencies or duplications and most probably gene mutations. Singh ef a/. (1977) 
reported that these macromutations are monogenic and recessive in nature 
controlled by one or more recessive genes. Gottschalk (1967) attributed the 
occurrence of such mutants to mutation of genes with pleiotropic effects. A number of 
morphological mutants have been reported in different crops (Singh et al., 2000; Mary 
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and Jayabalan, 1995; Kang et al., 1996; Wani and Anis, 2000; Sengupta and Dutta, 
2004). 
The multiple mutation affecting two or more characters were also recorded. The 
bold seeded mutants in this respect is of special interest since these mutants showed 
considerable improvement in the yield besides increase in number of branches per plant. 
Cytological observations of these mutants revealed 8 bivalents at metaphase, although 
some meiotic aberrations were also obtained. The normal cytological behaviour of these 
mutants may indicate their genetic nature, however.cryptic structural changes in the 
chromosomes could not be denied. Patil (1966) interpreted the occurance of such 
mutants to either mutation of gene clusters or due to loss of chromosomal segments. To 
test the genetic nature of the traits concerned, the segregation pattern of these mutants 
would be known after crossing them with their respective parents in the future study. 
To induce variability and to utilize useful mutations directly for efficient plant 
breeding, a systematic study of induced polygenic variability or micromutations based on 
a critical analysis of variability in M2 and M3 generations is a most dependable index. In 
the present investigation, a wide range of induced polygenic variability in all the 7 
quantitative characters viz. plant height, number of branches per plant, number of pods 
per plant, pod length, seeds per pod,1000 seed weight and total yield per plant was 
generated in M2 and M3 generations. Treated populations of M2 generation showed a 
much greater range of variability for all the characters than the control. Further, increase 
in variability in M3 as compared to M2 especially for yield contributing traits suggested 
that selection technique employed in M2 was highly effective and played a key role in 
shifting useful variability in the positive direction to M3 generation. 
The extent of variability was studied in terms of phenotypic and genotypic 
coefficient of variation, heritability and genetic advance of different mutants isolated and 
their parents. 
Higher estimates of genotypic and phenotypic coefficient of variation indicates 
sufficient scope for bringing improvement in the traits (Sood et al., 2003) whereas, 
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estimates of genetic parameters like heritability and genetic advance (percent of mean) 
are needed to formulate suitable breeding procedures and foresee the possibilities as to 
what limit a particular trait could be improved. Genetic variation for quantitative 
characters has been reported earliar by ( Habetinek ef a/.,1982; Dawwam and Abdel, 
1991; Kalia and Sood, 2003). 
The mean shifted in positive and negative direction for all the quantitative traits. 
The positive shift was more pronounced at the lower or intermediate dose treatments, 
whereas, negative shift was observed at higher dose treatments. Further increase in 
mean values towards positive direction in M3 generation as compared to M2 shows that 
selection technique employed in M2 was highly effective and played key role in shifting 
useful variability in the positive direction to M3 generation. The increase in mean values 
coupled with increased variability in M3 as compared to M2 especially for branches per 
plant,pods per plant, 1000 seed weight and plant yield suggest scope for further selection 
in M3 population. 
There are different opinions regarding the direction of mutations. Satyanarayan 
et al.(1993) in rice found increase in the mean values of quantitative characters in M2 
and M3 generation and explained this change as a consequence of elimination of 
inferior lethal gene.Tickoo and Chandra (1999) in Vigna radiata found mean values 
decreasing significantly for most of the characters in M2 generation and attributed the 
decline to either physiological damage caused chiefly by chemical mutagens or 
chromosomal aberrations caused mainly by irradiation. Some of the workers 
reported that the induced genetic changes are unidirectionall in effect (Sakai and 
Suzuki,1964; Gaul and Aastveit, 1966).Another group of workers believe that mean 
remains almost unchanged although there is an increase in variance due to mutagenic 
treatments ( Rao, 1974; Upadhyaya and Singh,1979). It is generally believed that in a 
population selected for high mean, the induced mutation would reduce the mean 
since the desirable genes would be mutated to undesirable ones. This may be true 
only when the proportion of favourable genes is more than unfavourable genes. The 
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mean performance of a population having equal proportion of favourable and 
unfavourable genes would remain unchanged, since mutations in plus and minus 
direction will be equal ( Upadhyaye and Singh, 1979 ). The positive and negative 
shift of the mean has been reported earlier by ( Kharakwal,2001; Waghmare and 
l\/lehra,2000; Sinha and Joshi,1986; Venkatachalam and Jayabalan,1997). 
Plant height decreased considerably at higher treatments in M2 .whereas, some 
lower and intermediate dose treatments showed stimulatory effects in both the varieties. 
The highest value of 47.76 cm was noticed at 0.01% MMS in variety Krishna-9001 
whereas, the lowest mean value of 32.01 cm was observed at combination treatment 
40kR + 0.2% EMS in the variety Paaras-9018.However,in M3 the plant height decreased 
in combination treatments of gamma rays and EMS in both the varieties whereas, other 
treatments showed significant positive and negative shifts. The occurrence of mutations 
with equal frequencies towards positive and negative directions may be considered as 
an important reason to justify the tendency of positive and negative shifts in the mean 
values for plant height (Gregory, 1965). The reduction in mean plant height was observed 
by Sharma and Sharma (1984) in lentil, Mehetree et al. (1990) in mungbean and 
Waghmare and Mehra( 2000) in grasspea. Reduction in plant height may be attributed to 
the activation of genes controlling reduced plant height (Satyanarayan et al., 1993).Singh 
et al. (2000) in Vigna radiata reported an increase in plant height after treatment 
with EMS in broadbean. Venkatachalam and Jayabalan (1997) reported increase as 
well as decrease in plant height in mutagenised population. 
The mean number of fertile branches increased in most of the treatments in M2 
and M3 generations in both the varieties. However,it was more in M3 generation as 
compared to M2 generation showing mutations in positive direction. A significant 
reduction in number of branches was observed in combination treatments of gamma 
rays with EMS in var. Paaras-9018 in M2 generation, the most effective being 
40kR+ 0.2% EMS in the variety Paaras-9018. Increase in the number of primary 
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branches in Thgonella foenum-graecum due to mutagenic treatments has been 
reported earlier (Laxmi and Gupta,1983; Mehetree etal., 1990; Singh ef a/.,2000). 
A high correlation was observed between the number of branches and the 
number of pods per plant. Both these traits increased further in M3 generation in both the 
varieties. 
Increase in the number of pods per plant in M3 accompanied by increase in 
variability as compared to M2 generation indicated that variability has been in desired 
direction and would offer the possibility for further selection in the M3 Several workers 
have reported an increase in pod production in Vicia faba L. (Kalia et a/.,2003) 
Cicer arietinum (Kharakwal,2001) following treatment with physical and chemical 
mutagens. Decrease in pods per plant has been reported in pigeonpea (Srivastava 
and Singh, 1993) mungbean (Tickoo and Chandra, 1999). 
The decrease in pods per plant at higher treatments is probably due to high 
sterility at such treatments. However.occurance of polygenic mutations towards negative 
direction also can not be denied. Both increase and decrease in number of pods per 
plant due to mutagenic treatments has been reported in Zinnia (Venkatachalam and 
Jayabalan,1997) and Lathyrus sativus (Waghmare and Mehra, 2000). 
Different treatments of mutagens did not bring much variation in the mean pod 
length in both the varieties. However, the lower doses of individual and combination 
treatments of alkylating agents showed a significant increase in mean pod length in M2 
generation. In M3 generation most of the selected treatments showed significant 
improvement in mean pod length associated with increase in variability. This indicates 
that selection was effective in M2 and the trait could be improved through further 
selection. The shift in mean pod length has been reported earlier (Dawwam et a!., 1991; 
Kalia ef a/., 2003). 
The mean number of seeds per pod shifted in both directions in the mutagenic 
treatments . Reduction was observed at higher doses/ treatments of the mutagens in M2 
generation, however, lower doses of individual and combined treatments of the 
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mutagens showed significant increase in mean number of seeds per pod. The mean 
values increased further in Mz generation indicating mutations in positive direction for 
this trait, increase in seeds per pod after mutagenic treatments has been reported by 
different worl<ers (Kharakwal,2001; Laxmi and Gupta, 1983). Waghmare and Mehra 
(2000) reported that increase in seeds per pod in M3 is probably due to the 
individuals having sterility because of chromosomal aberrations or due to mutations 
that were more frequent in M2,have been eliminated in M3 generation. Decrease in 
seeds per pod has also been reported earlier (Khan,1984; Tickoo and Chandra,1999). 
The depressant effect of mean number of seeds per pod is due to the high sterility 
induced by the higher dose of mutagens or due to the incidence of detrimental mutations 
at higher rate (Bhatia and Swaminathan,1962). 
1000 seed weight increased significantly in lower and intermediate treatments of 
the mutagens in M2 generation. However, in M3 generation it increased significantly in 
most of the selected treatments. This increase in seed weight was associated with 
increase in variability from M2 to M3 generation.This character has been reported to be 
governed by a relatively smaller number of genes, unlike other polygenic traits (Ghose et 
a/., 1960). Increase or decrease in seed weight after mutagenic treatment has been 
reported earlier in Lathyrus sativus (Waghmare and Mehra,2000) urdbean (Singh et al., 
2000) Triticale (Sinha and Joshi,1986). 
Plant yield is a complex manifestation of large number of genes involved in 
physiochemical processes of the plant system. Plant yield significantly increased at 
lower and intermediate treatments of all the mutagens except combination treatments of 
EMS and gamma rays in variety Paaras-9018 in the M2, whereas, a significant increase 
for this trait was noted in almost all the selected treatments in M3 generation.This 
shows that the selection technique employed in M2 population was highly effective and 
the M3 population include a large proportion of induced variability in the positive 
direction, Plant yield is influenced by many other quantitative characters and is 
increased probably due to increase in the yield contributing traits especially branches 
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per plant, pods per plant and 1000 seed weight. Increase In plant yield after 
mutagenic treatment has been reported by many workers ( Sharma and 
Sharma,1984; Singh and Chaturvedi,1982; Khan, 1988). 
The increase in yield is due to elimination of detrimental effects after selfing and 
also selection operated against alleles for reducing values (Waghmare, 1993). On 
the other hand, a decrease in plant yield in both the M2 and M3 generation has also 
been reported (Tickoo and Chandra, 1999; Srivastava and Singh, 1993; Waghmare and 
Mehra, 2000). The reduction in mean yield can be attributed to higher frequency of 
mutations with negative effects for yield contributing traits. Increase and decrease in 
plant yield following treatments with physical and chemical mutagens has also been 
reported by many workers (Singh,1988; Singh ef a/.,2000;Chekalin,1971). 
A glance at the data indicates that mean values of the quantitative characters 
increased significantly from M2 to M3 generation. It may be due to the selection of 
normal looking plants in Mi and selection of high yielding plants in M2 generation 
which lead to elimination of aberrant plants and also it may be due to the gradual 
recovery from the non genetic mutagen damages induced after the mutagenic 
treatments (Sharma and Sharma, 1982). 
The data for various quantitative characters shows that lower or intermediate 
dose treatments of the mutagens induced not only maximum variability but also positive 
mutations were induced for most of the polygenic traits in both the varieties under study. 
The present study indicated that variety Paaras-9018 was although more 
sensitive in respect of induced genetic damage but variety Krishna-9001 gave a higher 
frequency of micromutations for the various quantitative characters. This indicates that 
all the mutagens are not equally effective in generating variability for quantitative 
characters and showed a differential response to the different varieties. 
Jana and Roy (1973) demonstrated that selection in M3 is more effective than M2. 
It is suggested that the variability detected in M3 could not have arisen afresh, 
without causing any impact on the M2 population and it is better to start selection in M2, 
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so that bulk of the material which is either un-mutated or with drastic changes could be 
removed from the main population. Kharakwal(2001) suggested that if the variability is 
genetic, the mean values increased further in the M3 progenies and it become 
possible to select individual plant showing good expression of various yield components. 
A wide range of variability was observed in the treated population of both the 
varieties. The amount of induced variability varied not only among different treatments 
but also from trait to trait. It is clearly evident from the data that a considerable amount of 
variability was induced in all the quantitative traits in M2 generation. The variability in M3 
was comparatively low for plant height and pod length. However, there was an increase 
invariability in M3 for yield and other yield contraibuting traits in most of the treatments. 
Sharma (1986) proposed that efficiency of mutation breeding for polygenic traits 
could be increased immensely by selecting Mi plants with maximum damage, normal 
looking plants from the macromutational M2 families as well as non-segregating families 
with high variance and desired shift in mean followed by confirmation of the potential of 
these selections. 
The quantitative characters studied in the present investigation showed a wide 
range of phenotypic variation. However, the magnitude of the phenotypic variation,does 
not exhibit the relative amounts of heritable (genetic) and non-heritable 
(non-genetic) components of the variation. This was ascertained with the help of 
some genetic parameters.such as genotypic coefficient of variation,heritability and 
genetic advance as percent of mean. 
The genotypic coefficient of variation together with high heritability estimates give 
the extent of genetic advance to be expected by selection. The estimation of genotypic 
coefficient of variation and heritability of various quantitative characters are essential as 
they indicate the degree of stability to the environmental fluctuation and potential 
transmissibiiity of a character from parent to offsprings and from generation to 
generation. 
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All the mutagenic treatments induced considerable amount of genotypic 
coefficient of variation in the selected treatments of both the varieties. However, 
maximum GCV(%) was induced by the intermediate treatments of MMS and EMS 
and lower doses of gamma rays and combination treatments for almost all polygenic 
traits with a few exceptions. In general, the highest genotypic coefficient of variation 
was recorded for branches per plant followed by 1000 seed weight and pods per 
plant in variety Paaras-9018 whereas, in variety Krishna-9001, highest genotypic 
coefficient of variation was recorded for branches per plant followed by pods per plant 
and 1000 seed weight. Plant height, pod length and seeds per pod recorded 
comparatively lower GCV (%) in variety Paaras-9018 and variety Krishna-9001. 
The characters with wider range had comparatively higher estimates of genotypic 
and phenotypic coefficients of variability indicating sufficient scope for bringing 
improvement in such traits. 
In the present study, the genotypic coefficient of variation did not increase with 
the increase in dose of mutagen. Lack of consistent dose-response relationship may be 
due to additional uncontrolled environmental variation (Khan e^  a/., 1998). 
The genotypic coefficient of variation was higher in M2 for plant height and pod 
length as compared to M3 whereas,yield and yield contributing traits showed an increase 
in the genetic variability in Maas compared to M2.Factors responsible for such increase 
are considered to be favourable for mutation work in polygenic systems (Sharma 
and Sharma, 1982). Induced genetic variability for quantitative characters has been 
reported earlier in different crops ( Habetinek and Ruzickova,1982; Ramgiry,1997; 
Kharakwal, 2001). 
Heritability is a measure of the value of selection for particular character and also 
an index of transmissibility. The heritable portion of variation can be estimated with the 
help of heritability (Swarup ef a/.,1962). All the genetic components are influenced by 
gene frequencies and by the environmental variance since more variable conditions 
reduce heritability and more uniform conditions increase it (Kaul et a/., 1974). According 
90 
to Kaul(1980), heritability is a property not only of a character but also of the population, 
environment and circunnstances to which the genotypes are subjected to. 
The heritability estimates for all the quantitative characters under study have 
increased over the control.ln general, heritability was medium to high for most of the 
polygenic traits. However, pod length and plant height showed comparatively low 
heritability with respect to other traits. 
Heritability estimates were low in M2 but increased considerably in M3 generation. 
This could be due to increased homozygosity of genes involved among treated 
populations. 
The high heritability estimates in the quantitative characters have been found to 
be useful for selecting suitable types based on their phenotypic performance. Higher 
estimates of heritability for quantitative traits has been reported earlier by various 
workers (Chabra et al.,1984;Dawwam and Abdel,1991; Singh et al.,1988; Sharma,1990). 
The higher estimate of heritability along with genetic advance suggests presence 
of additive gene action and is more helpful in predicting the resultant effects of selection. 
Genetic advance is indicative of the expected genetic progress for a particular trait under 
suitable selection procedure and consequently carries much significance in self 
pollinated crops. The value of genetic advance (percentage of mean) differed in different 
mutagenic treatments and also from trait to trait. In general, genetic advance was high 
for branches per plant followed by 1000 seed weight and pods per plant in variety 
Paaras-9018 whereas, in var. Krishna-9001,it was highest for branches per plant 
followed by pods per plant and 1000 seed weight. 
Like heritability, genetic advance also increased in M3 as compared to M2 
generation for yield contributing traits. Increase in heritability coupled with an increase in 
genetic advance has also been reported earlier (Lokesha and Veeresh,1993; Singh 
and Bahl,1988; Kharakwal,2001). 
On the basis of the present investigation, it is evident that the intermediate 
treatments of MMS and EMS and lower dose treatments of gamma rays and 
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combination treatments induced not only maximum variability but also positive mutations 
were induced for almost all quantitative traits under study and were considerably 
effective for the increase in the yield and yield components as compared to the control 
population .The increase in test weight .branches per plant and number of pods per plant 
were probably the main reasons for increasing the plant yield to such a great extent. 
The highest yield in Krishna-9001 (2.54 g) and Paaras-9018 (2.30g) was recorded as 
compared to 1.44g and 1.30g,respectively in the controls. 
On the basis of genetic parameters estimated, selection was in general .effective 
for branches per plant, pods per plant, 1000 seed weight and total yield per plant in the 
mutants. All these characters showed considerable increase in the values of genotypic 
coefficient of variation, heritability and genetic advance indicating that these characters 
can be transmitted to future generations and further improvement of these quantitative 
characters is possible in subsequent generations. 
Protein content is an important parameter in the selection of cultivars for large 
scale cultivation. Induced mutagenesis is most reliable and less time consuming 
techniques for improving the protein content in crop plants. Number of induced 
mutant varieties with improved protein content have also been developed and 
reported by (Chung et a/.,2003; Taran and Warkentin.2004;Micke,1998; Csanandi et 
a/.2001). 
In the present investigation, the protein content ,in the selected treatments was 
evaluated in Ma generation .The mean protein content in the treated populations 
varied from 13.00% to 23.43% as compared to 16.20% in control in variety Paaras-
9018 whereas, in variety Krishna-9001 it varied from 17.89% to 23.60% as compared 
to 19.45% in control. 
It was clearly evident from the results that variability though not very high.was 
induced in mutagen treated populations. The protein content increased in all the 
selected treatments except 0.2% EMS and 40kR in var. Paaras-9018 whereas, in var. 
Krishna-9001, it decreased in 0.2% EMS, 30 kR and 30kR + 0.2% combination 
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treatment. In general, variety Krishna-9001 showed relatively higher protein content as 
compared to control than variety Paaras-9018. 
A important fact observed in the present investigation was that increase in seed 
weight was not associated with increase in protein content, as is clearly evident from 
estimation of 1000 seed weight in bold seeded mutant in M3 generation where at 0.2% 
EMS in variety Paaras-9018, protein content decreased despite considerable increase 
in test weight. Kharakwal (1998c) also reported very low positive correlation between 
seed weight and protein content.Grain yield and seed protein concentration are 
controlled by multiple genes (Turner ef a/., 1990) and are strongly influenced by the 
environment (Santalla ef a/.,2001). 
It is clearly evident from the results that variability for protein content was 
induced among various treated populations in both the varieties. Hence, by using 
an efficient selection technique a significant improvement in protein content can 
be achieved in future generation. 
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SUMMARY 
The induction of mutation has been accepted as a useful tool in the plant 
breeding programme. The success in plant improvement programmes, however, 
depends basically on controlling and directing the induced mutation process for the 
production of desired mutation. One of the chief advantage of mutation breeding is the 
ability to improve a feature in a variety without altering the otherwise desirable makeup 
of agronomic characters. Another advantage of mutation breeding is the creation of 
variability which enhances the scope for selection. 
In the present investigation, mutagenic effect of methyl methane sulphonate 
(MMS), ethyl methane sulphonate (EMS), Gamma rays (y- rays) and their combination 
treatments viz., MMS + EMS and EMS + y-rays were carried out on two cultivars of 
Trigonella foenum-graecum namely Paaras-9018 and Krishna-9001. The effectiveness 
and efficiency of the mutagens on inducing qualitative and quantitative mutations were 
estimated. 
The main objective was to explore the potential of induced mutagenesis to 
generate genetic variability for quantitative characters and increase the yield potential 
of the crop by isolating promising lines. Various other aspects of this study were 
(1) Biological damage in Mi generation (2) Spectrum and frequency of chlorophyll and 
viable macromutations (3) Effectiveness and efficiency of the mutagens (4) Estimation 
of genotypic coefficient of variation (GCV), heritability (broad sense) and genetic 
advance (percent of mean) and (5) Evaluation of protein content in the selected 
treatments of M3 generation. The significant findings are summarized below: 
6.1: Sensitivity studies 
(a) The sensitivity parameters viz., seed germination and plant survival were 
influenced by the mutagenic treatments. The extent and nature of injury in Mi 
varied with the varieties, mutagens and their doses. 
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(b) The variety Paaras-9018 in general, was highly sensitive as compared to variety 
Krishna-9001. 
(c) Among the mutagens, combination treatments of EMS and gamma rays were 
more effective in causing lethality followed by gamma rays, MMS + EMS, EMS and 
MMS. The injury was in proportion to the mutagenic dose/ concentration. 
(d) The mutagens induced cytological abnormalities in both the varieties. The chiasma 
frequency showed more reduction in EMS + gamma rays. The order of potentiality 
of mutagens to cause reduction in chiasma frequency was; y-rays + EMS > 7-rays> 
MMS + EMS > EMS > MMS. 
(e) Several meiotic anomalies like univalents, multivalents, laggards, bridges, unequal 
distribution of chromosomes, precocious separation and pollen sterility were 
observed in treated populations. 
(f) Chromosomal aberrations and pollen sterility were dose dependent and increased 
linearly with dose/ concentration of the mutagens. 
(g) The frequency of chromosomal abnormalities was more at metaphase as 
compared to anaphase and telophase stages. In M2 generation, same 
chromosomal abnormalities were observed but their frequencies were lesser than 
Mi. 
(h) The mutagens influenced plant height, number of branches per plant, pods per 
plant, pod length, seeds per pod, 1000-seed weight and yield per plant. 
(i) In general, lower and intermediate treatments showed stimulatory effects whereas 
higher treatments were effective in reducing the quantitative characters, 
(j) Variability was high among the treated populations as compared to the control. 
However, combination treatments of EMS and gamma rays induced maximum 
variability as compared to other treatments. 
6.2: Quantitative mutations 
(a) A wide range of chlorophyll mutations was isolated in M2 generation. Dose 
dependent increase was observed in individual and combined treatments of 
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chemical mutagens however, in gamma rays alone and in combination with EMS, a 
slight decrease was observed at higher treatments. 
(b) Highest frequency of chlorophyll mutations was observed in combination 
treatments of EMS and MMS in both the varieties. 
(c) Among the mutants, the frequency of xantha mutants in var. Paaras-9018 and 
chlorina mutants in var. Krishna-9001 was highest as compared to other 
chlorophyll mutants. 
(d) The mutagenic effectiveness, as compared on the basis of frequency of chlorophyll 
mutations divided by dose of the mutagen showed dose dependent increase in 
individual treatments of EMS and MMS, whereas, in y -rays and combination 
treatments, it was generally higher at lower treatments and decreased 
progressively towards higher treatments. Among the mutagens, MMS proved to 
be the most effective in both the varieties. 
(e) Mutagenic efficiency calculated on the basis of both percentage pollen 
sterility (Mf IS) and lethality (Mf /L) showed a gradual increase in efficiency with 
increasing concentrations of individual and combined treatments of chemical 
mutagens whereas it decreased at higher treatments of gamma rays alone and in 
combination with EMS. 
(f) Combination treatments of MMS and EMS proved to be most efficient as compared 
to other treatments in both the varieties. 
(g) Maximum frequency of morphological mutants exhibiting altered morphological 
features were isolated in combination treatments of EMS and gamma rays in 
both the varieties. 
(h) Most striking mutants were tall, dwarf, broad leaf, double flower, bushy and bold 
seeded mutants. The range of such mutants was highest in intermediate 
dose/concentrations of MMS, EMS, gamma rays and lower dose combination 
treatment. The morphological mutants with agronomically desirable features could 
be utilized for further improvementof this crop. 
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(i) The interaction coefficient (l<) of combination treatments for various biological 
parameters, chlorophyll mutation frequency and chromosomal abnormalities 
showed less than additive effect. However, synergistic or more than additive 
effects were also obtained in some combinations. 
6.3: Induced polygenic variation 
(a) The mean values of different quantitative traits showed positive and negative shifts 
in M2 generation, however, positive shift was more pronounced in M3 generation 
especially for yield and yield contributing traits. 
(b) Lower and intermediate treatments showed stimulatory effects whereas, higher 
treatments reduced the mean values. 
(c) The mean numbers of branches per plant, number of pods per plant, seeds per 
pod, 1000-seed weight and total plant yield increased in all the treatments 
with some exceptions in M3 generation. 
(d) Increase in branches per plant, pods per plant and 1000-seed weight were 
responsible for increasing the plant yield in both the varieties. 
(e) The increase in mean values was accompanied with an increase in genetic 
parameters. 
(f) The genotypic coefficient of variation, heritability and genetic advance increased in 
treated populations as compared to control in M2 generation. All these genetic 
parameters increased further in M3 for yield and yield contributing traits. This 
indicates that these characters can be transmitted to future generation and will be 
of much importance in cultivation of Thgonella species. 
(g) Phenotypic correlation between various characters of the mutants isolated in M3 
generation showed a positive relationship among number of branches per plant, 
number of pods per plant and yield per plant. 
(h) The protein content increased in all the selected treatments in M3 generation 
except 0.2 % and 40 kR in var. Paaras-9018 and 0.2%, 30 kR and 30 kR + 0.2% 
EMS in var. Krishna-9001. 
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6.4: Performance of macromutants 
(a) Tall: The mutant Paaras-9018 B was tall mutant. Its plant height at maturity was 
47.35 cm as compared to 41.83 cm in control. The productivity of this mutant was 
better than that of the control. 
(b) Bushy: The Paaras-9018 A was bushy mutant. Mean number of branches per plant 
in Paaras-9018 A was 6.45 as compared to 4.95 in control. 
(c) Broad leaved: The mutant Paaras-9018 C was characterized by broader leaves 
and increased pod size with bold seeds. Pod size and 1000-seed weight in this 
mutant were 8.05 cm and 8.26 g as compared to 7.20 cm and 6.70 g in control. 
(d) Bold seeded: Seeds of mutant Krishna-9001 B was considerably larger than those 
of the control. 1000-seed weight of this mutant was 8.59 g as compared to 6.59 g 
in control. 
(e) Increased pod size : The pod size of mutant Krishna - 9001 D was 8.19 cm 
as compared to 7.88 cm in control. 
(f) High yielding/Double flowered: The mutant Krishna-9001 A was double flowered 
and produced almost twice the number of pods per plant as compared to control. 
The average pod number per plant in it was 19.85 as compared to12.99 in control 
and total yield per plant was 2.54 g as compared to 1.44 g in control. 
The results of the present investigation clearly demonstrated that: 
(a) The intermediate dose treatments of MMS, EMS and gamma rays and lower dose 
combination treatments induced greater variability and also increased the yield 
and yield components as compared to other treatments in both the varieties. 
(b) Increase in mean values coupled with increased variability from M2 to M3 
generation especially for yield contributing traits provide greater chances of 
selection for more promising lines with high yield and high heritability in both the 
varieties of Trigonella foenum-graecum L. 
(c) Increase in branches per plant, pods per plant, 1000-seed weight and yield per 
plant was noticed among the isolated mutant lines in the M3 generation. 
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(d) Induced mutations are quantitative in nature, cause heritable changes in polygenic 
system and the direction of mutation depends upon the dose applied and the 
genotype of the character like plant height, branches per plant, pods per plant, pod 
length and seeds per pod. 
The induced cytomorphological variabilities in the present investigation provide 
greater chance of selection for different desirable characters and the mutants isolated in 
the present programme of investigation will help in the improvement and cultivation of 
Trigonella foenum-graecum L. 
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